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Article   I.— THE   ANTERIOR   CUIANIAL   ELUMEN'l'S   OF- 
(EDIPUS  AND  CERTAIN  OTHER  SALAMANDERS 

By  G.  K.  Noble 

PlATKS    I    AM)    II 

Havinii;  recently  had  the  opportunity  of  examining  the  proof-sheets 
of  an  elal)orate  treatise  on  the  lacr>'mal  hone  by  Dr.  W.  K.  riregor>',  I 
wjis  much  impressed  by  the  extreme  difficulty  exix^rienced  in  determininjic 
just  what  has  been  the  fate  of  the  laciymal  in  the  various  families  of 
salamanders.  ThLs  confusion  arises  in  part  from  th(»  fact  that  earlier 
accounts  often  give  only  meager  details  as  to  the  lacrymal  duct  and  it.s 
relation  to  the  cranial  elements.  Many  of  the  figures  in  the  extensive 
ac(*o\mts  of  Cope  and  Wiedershehn  have  no  septomaxilla  repre^sented, 
although  actually  present  in  the  species  considenMl  and  of  real  signifi- 
cance. The  exact  structure  of  the  skull  of  the  salamanders  is  Iwing  utilized 
more  and  more  to  demonstrate  genetic  relations.  My  puriK)scin  record- 
ing the  following  obs<»rvations,  mostly  corrections  of  accept<»d  ideas,  is  to 
facilitate  future  work  on  these*  relations. 

The  Cranial  STRrrxuKE  of  (Edipu^i 

In  18()9  Copt*,  revi(»wing  the  family  Plethodontida?,  considered  in 
detail  the  skull  structure  of  the  various  genera  but  failed  to  find  any 
differences  lx»tw(»c»n  the  skull  of  (Edipn^  and  that  of  Eurycea  (Spel- 
erpen  auct.).  He  (1869,  p.  96)  conchuknl  that  (Edipm  differed  from 
Eurycea  '^solely  in  the  fcrtal  non-s(»paration  of  the  digits.'*  This  differ- 
ence until  ver>'  recently  wius  not  considered  worthy  of  generic  distinc- 
tion by  most  authors.  No  one  since  the  ap|K»arance  of  CofK»'s  pajx^r  has 
hitherto  questioned  his  ol)S(»r\'ati()ns  on  the  skull  of  (Edipui<. 

Ver>'  recently  the  name  (Edipus  has  b<H»n  arbitrarily  applied  to  thos(» 
neotropical  salamanders  having  the  digits  fully  or  partly  weblxHl.   Thus 
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Dunn  (1918,  p.  470)  staWiS*:''^!    use   (Edipus   provisionally   for   the 
salamanders  allied  io^-hejpt^hiii,  heUii,  variegaius,  etc.  These  do  not  seem 

to  be  particularly  clOQie  tb  [tjhe  species  of  Eurycea  or  Pseudoiriton.   Still 

•  •    • 

less  are  they  allitfci-fo^the  European  Geotriton  fuscus,*^ 

An  examioartion  of  the  skulls  of  three  of  the  species  of  this  jB;roup  as 
defined  by 'Punn  has  convinced  me  that  Dunn  is  confusing  at  least  two 
distincJ^iWs^blages  of  forms  and  that  Cope's  statement  as  to  their  uni- 
formity/df  skull  pattern  cannot  be  accepted.  The  name  (Edipus  should 
be.  restricted  to  one  of  these  assemblages,  while  the  other  I   consider 

•S^^Aiical  with  Eurycea.   Very  marked  differences  in  the  anterior  cranial 
,  •.  dements  distinguish  adspersus  and  driaiidus  from  leprosus,  (Edipus  varie- 

•  gcUu^j  the  type  of  the  genus,  is  so  closely  allied  to  0.  strialulus  (see  Noble, 
1918,  p.  344)  that  it  seems  probable  that  these  cranial  patterns  will 
be  shown  to  be  the  same.  The  following  characters  common  to  0,  striatu- 
/us  and  0,  adsperstis  may  be  considered  as  the  distinguishing  features  of 
the  genus  Gidipus  as  now  defined :  (1)  no  prefrontal ;  (2)  no  septomaxil- 
la;  (3)  premaxillie  ankylosod  onl}'^  at  their  extreme  anterior  ends. 

These  three  points  of  structure  are  important  because  certain  of 
them  are  shared  by  other  genera  of  Plethodontidse  and  the  question  im- 
mediately arises  whether  or  not  Gidipus  is  more  closely  related  to  these 
other  genera  than  it  is  to  Eurycea.  I'hus  Geotriton  exhibits  the  first  two 
points  of  stnicture  but,  as  regards  the  third  i>oint,  I  find  that  its  pre- 
maxillsB  are  entirely  separate.  Still,  its  small  nasals  and  half-webbed 
digits  distinguish  Geotriton  from  (Edipus.  It  is  more  probable  that  the 
resemblance  between  (Edipus  and  Geotritan  are  due  to  parallel  modifica- 
tion from  a  common  ancestral  stock,  rather  than  to  any  close  affinity 
between  the  two  genera. 

(Edipirwiy  which  on  external  features  one  would  consider  nothing  but 
an  elongate  GiJdipus,  differs  radically  from  that  genus  in  its  fused  pre- 
maxillrt .  From  the  statements  of  C'ope  (1869,  p.  101)  as  to  the  reduced 
nature  of  its  parietals  one  would  then  expect  that  (Edipina  possessed  a 
cranial  composition  very  similar  to  ButrachosepH.  In  fact,  Hatrachoseps, 
with  its  almost  boletoid  tongue,  might  be  imagined  to  be  a  side  branch  of 
the  (Edipimi  stock.  Unfortunately,  the  specimen  of  (Edipina  uniformi.s 
which  I  dissected  does  not  bear  out  Cope's  statement.  The  frontal  and 
parietal  elements  are  but  sUghtly  reduced.  This  condition,  togethei* 
with  the  absence  of  the  septomaxilla  in  (Edipina.  readily  distinguishes  it 
from  Batrachoseps. 

The  closest  relatives  of  (Edipiu;  cannot  i^e  determined  at  this  time 
because  of  the  lack  of  material.     It  is  interesting  to  compare,  however, 
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figures  of  the  nkulls  of  (Edipus  ad^ersus  and  Eurycea  leprosus  respec- 
tively. One  is  tempted  to  say  at  once  that  the  cranial  pattern  of  (Edipus 
has  been  derived  directly  from  that  of  Eurycea  by  three  modifications: 
the  fusion  of  prefrontals  and  nasals  on  each  side;  the  loss  of  the  septo- 
maxilla;  and  the  greater  union  of  the  premaxilla;.  Such  is  probably  the 
correct  view.  A  glance  at  the  salamanders  as  a  whole  will  show  that 
parallel  fusions  and  losses  have  occurred  independently  in  many  differ- 
ent genera  and  are  not  indicative  of  genetic  relations.  This  was  recog- 
nized long  ago  by  Cope  but  Fowler  and  Dunn  (1917)  and  Dunn  (1918) 
have  recently  reviewed  the  subject  and  added  many  valuable  sugges- 
tions. 

The  Antekiok  Cranial  Elements  of  other  Salamanders 

The  question  of  whether  a  fusion  of  parts  has  actually  occurred  in 
(Edipus  or  whether  both  prefrontal  and  septomaxilla  have  simply 
dropped  out  involves  the  all-important  question  of  homolog>'.  A  com- 
parison of  Dunn's  (1920,  Fig.  1)  figure  of  Rhyacotriton  with  my  figure  of 
(Edipus  (PI.  II,  fig.  2)  will  show  an  element  having  nearly  the  same 
relative  position  labeled  prefrontal  in  Dunn's  and  nasal  in  my  sketch. 
Four  skuUs  of  Rhyacotriton  in  The  American  Museum  of  Natural 
History  have  the  element  labeled  prefrontal  by  Dunn  much  more  exten- 
sive than  he  has  indicated,  in  fact  covering  the  area  a  nasal  might  be 
expected   to  cover. 

The  question  of  homology  arises  again  in  regard  to  the  lacr>'mal. 
When  present  as  a  definitive  bone,  the  lacrymal  is  characterized  by  the 
lacrymal  duct.  But  such  a  definitive  bone  is  commonly  absent  in  the 
salamanders,  the  lacrymal  duct  not  piercing  any  bone.  In  most  pletho- 
dontids  the  lacrymal  duct  passes  ventral  and  medial  to  the  ascending 
ramus  of  the  maxilla  or  ventral  to  a  portion  of  the  prefrontal  and  nasal. 
In  Plethodon  citiereus  it  passes  entirely  dorsal  to  the  prefrontal.  In 
A  mhystania  it  pierces  the  [)refrontal. 

It  may  l)e  argued  that  the  presence  of  the  lacrymal  duct  marks  the 
|)osition  of  a  potential  lacr>'mal  in  Ambystama.  Ontogeny  does  not  sup- 
port such  a  view.  In  A.  opacum  up  to  41  mm.  total  length,  the  anlagen 
of  the  prefrontal  is  without  the  lacrj'^mal  duct  perforation.  At  65  mm. 
the  extreme  ventral  (ulge  splits  longitudinally  and  forms  along  its  ventral 
margin  a  hollow  tube.  .\t  this  stage  the  septomaxilla  is  indicated  l\v  two 
splints  of  Ixiny  tissue  less  than  a  millimeter  in  length,  lying  along  the 
anterior  end  of  th(»  lacni'mal  duct.  The*  nasals  are  at  this  stage  entirely 
tinr»ssifi<»<l.     Later  growth  carri(»s  the  Inciymal  duct  farther  toward  the 
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center  of  the  prefrontal.  The  nasals  very  soon  make  their  appearance. 
It  is  evident  from  the  series  of  larv^ae  before  me  that  at  no  stage  of  growth 
is  there  a  definitive  lacrymal. 

In  my  opinion,  the  only  method  by  which  we  are  going  to  arrive  at 
any  sound  conclusion  in  regard  to  the  fusion  or  the  dropping  out  of  the 
cranial  elements  is  by  a  careful  comparison  of  the  crania  of  forms  which 
both  zoogeographical  and  morphological  evidence  show  to  be  closely 
related.  Thus  it  may  be  easily  demonstrated  that  in  the  PlethodontidaB 
the  prefrontal  tends  to  diminish  in  size  and  may  reasonably  be  assumed 
to  drop  out  at  the  end  stages  of  specialization.  But  the  affinities  of 
Rhyacotriton  are  not  yet  clear  enough  for  us  to  state  definitely  with  Dunn 
that  the  nasals  and  not  the  prefrontals  have  been  lost.  Its  affinities 
with  Dicampiodon  are  shown  as  much  in  its  fourth  toe  having  but  three 
phalanges  (not  mentioned  by  Dunn)  as  it  is  by  its  distinctly  different 
hyoid  and  skull  structure.  Until  the  skull  structure  of  the  short-toed 
species  at  present  grouped  under  Ambystoma  has  been  investigated  we 
cannot  be  certain  of  the  homology  of  the  anterior  cranial  elements  of 
Rhyacotriton. 

Dunn  (1920,  Fig.  1)  in  figuring  the  anterior  cranial  region  of  Rhyaco- 
triton has  omitted  the  septomaxilla,  or,  rather,  has  drawn  it  as  part  of  the 
lacrymal.  The  septomaxilla  is  a  very  distinct  element,  not  only  in 
Rhyacotriton  but  also  in  many  salamanders  which  have  been  represented 
as  lacking  it.  It«  presence  or  absence  should  have  as  much  morpho- 
genetic  significance  as  the  presence  of  absence  of  the  prefrontal.  The 
structure  and  function  of  the  septomaxilla  in  the  salamanders  has  been 
recognized  by  many.  Gaupp  (1905,  p.  746)  has  reviewed  the  subject 
briefly.  There  still  remains  to  be  pointed  out  the  wide  occurrence  of  this 
element  in  the  salamanders,  and  the  possible  significance  of  its  occa- 
sional absence.  Material  does  not  permit  me  at  this  time  to  go  into  the 
subject  fully  or  do  more  than  to  indicate  corrections  to  certain  accepted 
figures. 

The  septomaxilla  when  present  in  the  salamanders  always  tends  to 
wrap  around  the  anterior  end  of  the  lacrymal  duct  (PL  II,  fig.  1).  It 
may  be  very  small  (PI.  I,  fig.  1),  a  mere  splinter,  or  it  may  have  an  ex- 
panded portion  covering  and  supporting  part  of  the  nasal  capsule.  It 
is  sometimes  absent,  apparently  due  to  a  crowding  out  by  the  as- 
cending ramus  of  the  maxilla  or  the  nasal  which  have  apparently  shifted 
forward  in  some  forms  as  in  QiJdipus  (PI.  I,  fig.  2  and  PI.  II,  fig.  2)  and 
in  Geotriton. 

The  majority  of  plethodontids  possess  a  septomaxilla,  although  such 
an  element  has  been  often  overlooked.    It  is  not  represented  in  the  figure 
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of  Wiedersheim  (1877,  PL  xxv,  figs.  104  and  105)  of  Amides  lugubris 
nor  in  tha«<e  of  (^ope  (1889,  PI.  xxvii,  figs.  1  and  2)  of  the  same  species. 
Still,  in  a  specimen  (A.  M.  N.  H.  No.  5350)  in  the  American  Museum 
there  is  a  distinct  septomaxilla  lying  in  the  usual  position. 

The  elaborate  figure  of  Batrachoseps  atienualus  given  by  Wieder- 
sheim (1877,  PI.  xxv,  fig.  94)  is  totally  incorrect  as  regards  the  anterior 
part  of  the  cranium.  The  old  figure  of  Eschscholtz  (1829,  PI.  xxi,  fig. 
4)  is  a  much  l)etter  representation  of  the  actual  conditions.  But  Esch- 
scholtz  does  not  indicate  the  presence  of  a  septomaxilla.  It  is  a  very 
large  element  in  both  B,  attenuatxis  and  B,  inajor. 

It  has  not  hitherto  been  pointed  out  that  in  Hemidadylium  the 
septomaxilla  is  a  ver\'  large  element,  nearly  as  wide  as  the  ascending 
ramus  of  the  maxilla.  It  is  in  contact  with  the  nasal,  a  rather  unusual 
condition. 

Cope  (1889,  PI.  XIX,  figs.  4  and  5)  has  omitted  the  septomaxilla 
from  his  figure  of  Plethodon  chiereus.  In  all  the  species  of  the  genus  which 
I  have  examined  it  is  present.  The  position  of  the  lacry^mal  duct  varies 
in  the  different  species  and,  in  correlation  with  this,  the  septomaxilla 
varies  its  f)osition  and  contacts.  Even  in  such  closely  related  forms  as 
P,  metcalfi,  P,  yanahlossee,  and  P.  glutinosus  the  septomaxilla  does  not 
have  a  constant  relation  t^)  the  surrounding  elements. 

All  of  the  ambystomids  which  I  have  examined  possessed  a  septo- 
maxilla. Cope  (1889,  PI.  xvi)  does  not  represent  such  an  element  in 
-4.  mncidatum.  Parker  (1877)  includes  it  in  some  of  his  figures  of  Amby- 
4oma  but  not  in  others.  Wiedersheim  (1877)  does  not  indicate  it  in  his 
figure  of  the  axolotl.  I  have  found  it  present  in  A,  tigrinum,  A.  ojmcxivi, 
A.jeffersomnmim,  and  A.  microsfiomam.  In  A.  opacum  and  A.  tigrinum 
it  is  present  in  an  ejirly  stage.  It  seems  to  me  that  the  septomaxilla 
\^'ill  Ik*  found  to  Im»  a  constant  feature  of  the  genus  Atnbijstonw. 

In  conclusion,  it  is  imi)ortant  to  emphasize  that  the  skull  of  sala- 
manders, l)eing  largely  cartilaginous,  cannot  l^e  studied  with  complete 
success  by  the  ordinary'  methods  of  dissection.  Clearing  the  skulls  in 
Into  and  using  diflferential  stains  are  not  only  advantageous  but  often 
necessary'.  (Conclusions  based  on  inat(»rial  studied  by  the  older  methods 
must  Ix*  accept(Hl  with  caution,  for  not  only  are  sutures  overlooked  but 
often  well-defined  elements*  such  as  the  s(»ptomaxilla  are  mis.*<(Ml  entirely. 
Then  the  thin  l)ony  elements  are  su})ject  to  fracture*  in  life.  *'Jugals'* 
which  I  have  found  in  Rhyacotriton  proved  on  further  study  to  be  frac- 
tunnl  portions  of  the  maxilla*.  "The  *'jugals"  figured  by  Parker  (1877. 
PI.  xxvii,  fig.  0)  in  Atnbystornn  o/Hicum  an*  of  similar  character.     The 
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lacrymal  figured  by  Cope  (1889,  PI.  xi,  fig.  2)  in  Amphiuma  means  is 
apparently  also  a  fractured  splinter.  Stains,  such  as  alizarin,  which  bring 
out  sutures  will,  I  believe,  solve  the  mystery  of  the  various  azygous 
cranial  elements  which  have  been  reported  in  salamanders.  The  ques- 
tions of  homology  indicated  above  cannot  be  determined  until  many 
more  forms  have  been  examined  and  studied  with  regard  to  their  mutual 
relations.  This  work  needs  the  support  from  the  field  of  zoogeography 
as  well  as  from  that  of  comparative  anatomy.  Still,  one  conclusion  may 
be  certainly  reached  at  this  time  from  the  above  observations.  The 
cranial  elements  even  within  the  single  order  Caudata  cannot  be  homolo- 
gized  at  random.  Contacts  do  not  always  det/crmine  homology.  An 
understanding  of  relationships  is  essential. 
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PLATE  I 


Platk  I 

Dorsal  surface  of  the  cranium. 
Fig.  1.    Eurycea  leprosus. 
Fig.  2.    (Edipus  adspersus. 

Fr. — frontal;  /. — foramen  of  lacrymal  duct;   A/x. — inaxilla;  JVa. — nasal;  Pa. — palatine;   Per. — 
p«riotio;  P.mx. — premaxUla;  Pr.f. — prefrontal;  Q. — quadrate:  S.mx. — septomaxilla ;  Sq. — squamosal 
Fb.— prevomer. 


PLATE  II 


Plate  II 

Lateral  aspect  of  anterior  portion  of  the  cranium :  cartilaginous  elements  omitteii . 
Fig.  1.    RhyacotrUon  olympicus.  *' 

Fig.  2.    (Edijms  adspersua. 

Ft, — frontal;     L. — lacrymal    bone;     i. — foramen    of    lacrymal    duct ;     Mx. — maxilla;     Na.^ — 
nasal?;  P.mx. — premaxilla;  S.mx. — septomaxUla;   Vo. — prevomer. 
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Article  II.— NOTES  ON   THE  HERPETOLOGY  OF  SANTO 

DOMINGO 

By  Karl  Patterson  Schbodt 

The  collections  of  The  American  Museum  of  Natural  History  have 
received  important  accessions  from  the  Santo  Domingan  part  of  His- 
paniola,  which  is  herpetologically  perhaps  the  least  known  of  the  West 
Indian  islands.  Mr.  Clarence  R.  Halter  made  a  collection  for  the  Mu- 
seum in  the  smnmer  of  1915,  chiefly  from  the  Yuna  Valley  in  the  eastern 
part  of  the  republic  and  consisting  of  four  hundred  and  sixty-nine  speci- 
mens. One  hundred  and  forty-eight  specimens  from  the  arid  area  near 
Monte  Cristi  and  the  interior  of  the  northern  Yaqui  Valley  were  col- 
lected by  Mr.  Axel  Olsson  and  myself  in  the  summer  of  1916,  in  connec- 
tion with  the  geological  reconnaissance  expedition  from  Cornell  Univer- 
sity. Mr.  J.  K.  Noble  presented  to  the  Museum  a  small  but  interesting 
collection  made  while  stationed  at  Macoris  with  the  forces  of  the  United 
States  Marine  Corps.  A  small  collection  made  by  R.  H.  Beck  in  the 
mountainous  interior  of  the  repubUc  in  1917  was  added  to  the  Museum's 
collections  by  purchase.  A  small  collection  from  the  little -known  prov- 
ince of  Barahona  was  presented  by  Mr.  John  L.  Phillips,  in  1912.  These 
Santo  Domingan  collections  total  six  hundred  and  seventy-two  speci- 
mens, representing  thirty-four  species.  Two  of  these  have  previously 
been  described  as  new  (Schmidt,  1919,  Bull.  Amer.  Mus.  Nat.  Hist., 
XLI,  pp.  519-525)  and  an  additional  new  species  of  Leiocephalus  is 
described  below. 

Bufo  gutturosuB  Latreille 

Five  specimens  in  the  collection  from  Cercado  de  Mao,  the  Rio 
Amina,  Monte  Cristi,  and  Barahona.  Juvenile  specimens,  apparently 
recently  transformed,  were  collected  at  Cercado  de  Mao,  May  20  and  at 
Monte  Cristi,  June  10,  1916.  The  measurements  of  the  largest  speci- 
men (A.  M.  N.  H.  No.  5919,  Barahona)  are  as  follows: 

Snout  to  vent  92  mm. 

Snout  to  posterior  border  of  tympanum  24  mm. 

Greatest  breadth  of  head  28  mm. 

Length  of  forelimb  from  axilla  46  mm. 

Length  of  hind  limb  from  vent  94  mm. 

To  the  differences  pointed  out  by  Stejneger  (1904,  Rept.  U.  S. 

Nat.  Mus.,  1902,  p.  570)  between  Bufo  guUurosus  and  Bufo  lemur  of 

Porto  Rico,  the  wide  divergence  in  proportions  must  be  added,  the  His- 

paniolan  species  being  much  shorter  limbed  and  probably  larger. 
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S^U  domtnictiBto  (Tscbudi) 
Thirty-three  epecuneiis  from  Cercado  de  Mao,  San  Pedro  de'  Ma- 
roris,  Sanchez,  and  Cano  Hondo  {San  Lorenzo)  are  referred  to  this  Bpecies. 
The  specimen  from  Cercado  de  Mao  is  a  tadpole  nearly  ready  to  trans- 
form, measuring  45  mm.  from  snout  to  tip  of  tail  and  16  mm.  from  snout 
to  vent,  and  was  collected  May  20.  1916. 

Hfla  pulohrilinaata  Cope 
Forty-two  specimens  from  Sanchez  and  Cano  Hondo  (San  Lorenzo). 
This  species  was  breeding  in  swamps  near  Sanchez  during  the  latter 
half  of  May  1915.  The 
qjgs  are  deposited  directly 
in  the  water  and  there  is 
apparently  no  abbreviation 
of  the  larval  stage,  thus  form- 
ing an  exception  to  thegeneral 
rule  among  tropical  HyUrn. 
As  in  the  preceding  species, 
the  males  are  providetl  with 
a  horny  patch  on  the  outer 
face  of  the  first  joint  of  the 
thumb.  The  light  stripes, 
which  are  while  in  altohol,         mk.  i.   h,^  puitArainaua cope.  a.m.x.h.No. 

,  ,  11  ■      11  3J47,  ™iii™l.iK 

are  golden  yellow  in  life. 


Uvutherodactylus  wBlnlandi  Barbour 
Six  specimens  from  Cano  Hondo  (San 
I,orenzo),  June  24, 1915.  These  specimens 
were  collected  beneath  stones  on  a  dry. 
sunny  hillside.  The  measurements  of  the 
lat^cst  (A.  M.  N.  H.  No.  3290)  are  as 
follows: 

Snout  U)  vent  ;(8  mm. 

Snout  to  posterior  border  of  tymimniini  13  mm. 

Greatest  breadth  of  head  13  mm. 

Fc»«lunb  from  axilla  22  mm. 

Hind  limb  from  vent  ri5  mm. 
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BmithsroiUetThii  Inoptatiu  (Barbour) 
A  single  specimen,  apparently  the  second  to  be  recorded,  from  Villa 
Kivas,  June  19, 1915.    The  type  locaUty  is  Diquini,  Haiti,  at  the  opposite 
end  of  the  island.    Measurements  as  follows: 

Snout  to  vent  54  i 

Shout  to  posterior  border  of  tympanum         21  i 
Greatest  breadth  of  head  23  i 

Fordimb  from  axilU  36  i 

Hind  limb  from  vent  103  r 

Dsutharodsc^lui  montuiua  Schmidt 
This  species  appears  to  be  confined  to  the  mountains  of  the  Cibao. 
It  does  not  appear  to  be  closely  related  to  any  other  Hispaniolan  species 
but  may  be  derived  from  E.  auriatlatuit,  to  which  it  is  related  in  the  dis- 
position of  it«  vomerine  teeth. 


Five  additional  juvenile  specimens  of  Eleulherodadylua  probably 
represent  another  mountain  species  of  this  Kcnus.  It  seems  preferable  iu 
pnotpone  its  description  for  furl  her  and  better  material, 

SplusrodM^lui  dlfflciUs  Burboui' 
Thirty-one  specimens  of  this  highly  variable  upcciow  f mm  ( 'ercado 
<!<•  Mao,  IjOs  Quemados,  San  Pedro  do  Mncori!!,  Samhrj!,  and  Cnno 
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Hondo  (San  Lorenzo).  I  found  this  little  gecko  chiefly  under  the  looae 
bark  of  such  trees  as  the  "ahnacigo"  in  the  western  part  of  the  island. 
At  Sanchez  it  was  the  commonest  house  gecko. 

This  species  appears  t«  be  fully  as  variable  as  S.  macrolepit,  which 
ranges  from  the  Virgin  Islands  to  Mona  Island,  and  parallels  it  in  color 
variation.  Barbour  (1914,  Mem.  Mus.  Comp.  Zool.,  XLIV,  p.  265)  in 
describing  the  species  calls  attention  to  the  variation  in  size  of  dorsal 
scales.  In  the  present  series  the  number  of  scales  around  the  body  ranges 
from  42  to  64.  The  spectacle  mark  on  the  shoulder  is  present  in  only 
two  specimens. 

Anolls  rloordii  Dum^ril  and  Bibron 
Four  specimens  from  Sanchez  and  Villa  Bivas,  shot  in  trees. 
In  addition  to  the  characters  pointed  out  by  Stcjneger  (1904,  Kept. 
U.  S.  Nat.  Mus.,  1902,  p.  629)  as  distinguishing  this  species  from  the 
Porto  Rican  Anolis  cuvieri,  the  difference  in  coloration  may  be  men- 
tioned. The  Porto  Rican  species  is  usually  a  vivid  green  in  Ufe,  chai^i^ 
to  a  mottled  phase,  gray,  green,  and  black,  and  to  a  dark  bluish  black. 
The  Hispaniolan  species  appears  to  be  usually  green  with  dark-ec^ed 
transverse  bands  of  light  greenish  yellow. 


H.  No.  0262.  four  timM  lulara]  site. 


u  Cup*.    Scklca  uvund  the  middle  of  th>  body. 


AnoUs  umiliuoKtus  Cope 
Five  specimens  from  Samana,  Sanchez,  and  Villa  Rivas.    It  was 
found  on  low  weeds.    This  species  represents  the  slender-bodied  group  of 
AntAia  with  heterogeneous  dorsal  scales  in  Hiapaniola.     It  is  widely 
distinct  from  the  Porto  Rican  representatives  of  the  same  group. 
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Anoll*  oLuoai  Schmidt 

Two  specimens  from  Monte  Cristi. 

This  species  replaces  Anolis  semilineatus  in  tbe  arid  parts  of  the 
northem  valley.  The  first  specimen  taken  by  tbe  writer  was  ruined  on 
the  horse-back  journey  into  the  interior,  and  careful  search  on  our  re- 
turn to  Moate  Cristi  resulted  in  the  discovery  of  only  one  more  speci- 
men, on  the  last  day  of  our  stay. 


lofu  oJu0ni  Schmidt 

It  lives  in  the  bunches  of  tall  grass  which  form  the  chief  vegetation 
on  the  dry  hillsides  of  the  Monte  Cristi  area.  About  half  of  the  grass 
stems  are  dry  and  white,  and  the  gray  and  white  coloration  of  this  species 
with  its  longitudinal  lines  makes  an  extremely  effective  protective  re- 
r<emblance.  This  resemblance  is  turned  to  the  best  account  by  the  lizard, 
for  when  frightened  it  assumes  a  rigid  posture,  with  the  tail  hanging 
?4traight  down,  and  seems  literally  to  disappear  before  one's  eyes  among 
the  gra>*ish  green  and  white  stems  of  grass. 

AnoUt  ehlorocraniu  Cttpt.' 
Seventy-five  specimens  of  this  brilliant  green  species  in  the  coUectioii 
from  Puerto  Plata,  Samana,  Sanchez,  Villa  Rivas,  Cano  Hondo,  San 
Pedro  de  Macoris,  Caimito  on  the  Rio  Cana,  and  Los  Quemados  on  the 
Rio  Gurabo,  Mr.  Olsson  and  I  did  not  observe  this  species  near  Monte 
<  'risti,  and  it  probably  docs  not  inhabit  the  more  arid  part**  of  the  island. 
'ITie  numbers  of  specimens  secured  in  the  Samiina-Sanchez  region  in- 
tlicate  that  it  is  very  abundant,  while  in  the  western  part  of  its  range 
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(between  Cano  and  Gurabo  Rivers,  afSuents 
of  the  Yaqui),  it  was  a  rare  species.  We  saw 
it  on  thatched  roofs  of  native  huts. 

The  most  usual  coloration  is  bright  green 
with  more  or  less  black  on  the  head.  The 
range  of  color  change  is  wide,  a  bluish  green 
phase  and  one  variously  marked  with  black 
being  the  most  common.  The  throat-fan  is 
brownish  black. 

In  the  characters  of  its  head  shields,  especi- 
ally in  the  slight  development  of  the  supraor- 
bital semicircles,  A.  chhrocyanus  appears  to 
be  allied  to  A.  iodurus  of  Jamaica,  perhaps 
more  closely  than  to  any  other  Hispaniolan  or 
Cuban  species,  and  it  is  certainly  widely  dis-       „  ..... 

tinct  from  the  green  Anats  evermanm  of  Porto  Cop". .  a  m,  n.  h.  No.  i3«2, 
Rico. 


I  Cope 

Eighty-one  specimens  from  Monte  Cristi, 
Puerto  Plata,  Samana,  Sanchez,  Villa  Rivae, 
Cano  Hondo  (San  Lorenzo),  San  Pedro  de 
Macoris,  Azua  Province,  and  Barahona. 

This  species  is  readily  recognized  by  the 
lai^e  occipital  shield,  with  usually  a  single 
lai^e  "preoccipital"  between  it  and  the  supra- 
orbital semicircles.  The  coloration  is  ex- 
tremely variable,  green  variously  mottled  or 
vermiculatcd  with  black  being  the  most 
common  phase.  The  throat-fan  is  bright 
nc.  e.  .inoiuduiiFAiuCofH-.   orange. 

\.  M.  N.  H.  Na.  7M2.  fouc  lima 
nstunl  Biic. 

Anolls  cybat«s  Cope 
One  hundred  and  fifty-seven  specimens  of  this  species  represent 
the  localities  Monte  Cristi,  Puerto  Plata,  Sanchez,  Samana,  Villa  Rivas, 
Cano  Hondo  (San  Jjorenzo),  San  Pedro  de  Macoris,  and  the  interior 
of  Aaua  Province. 
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The  presence  of  numerous  speeimehs  of  thi8  species  with  more  or 
less  well-defined  keels  on  the  ventral  scales  indicates  that  A.  haetianux 
Oarman  is  probably  a  synonym  of  A .  cybotes. 


Fit  10.     AnaliicgbtliiCopt. 


A.  ci^oles  is  evidently  the  most  abundant  Artolis,  possibly  the  most 
abundant  IJsard,  in  Santo  Domingo,  equally  represented  in  the  arid  and 
humid  areas  and  extending  high  into  the  mountains.  In  this  respect 
and  in  coloration  and  color  change,  it  resembles  Anolis  aiatateUns  of 
Porto  Rico,  from  which  it  is  distinguished  chiefly  by  the  abwnce  of  a  tail- 
fin. 

AnoUa  citrlnsllui  Cope 
A  single  specimen  from  Samana  is  referable  to  this  species.    The 
supraorbital  semicircles  are  considerably  in  contact,  enclosing  a  small 
scale,  but  the  specimen  in  other  respects  accords  with  the  description  of 
rilritieUux. 

Key  to  the  Species  of  Anolis  in  Santu  Domingo 

1 .  IXinial  ttcales  entirely  or  io  part  surrounded  by  granulcfl;  tail  of  male  with  high 

fin-like  crest A.  rieordii. 

DomalocalcagranularorcnlttrgeU,  not  OMttlKivei  t«il  without ''fin" 2, 

2.  Donal  Kales  large,  flat,  kceli^,  imbriral*,  venlraLtHlrongly  keeled,  laterals  small, 

granular;  tail  very  long 'J. 

DofHsl  sealefl  email,  granular,  smooth  or  feebly  keeleil 1. 
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3.    Sufffaorbital  semicircles  separated  by  two  raws  of  scales A.  a/emilmealaB. 

Supraorbital  semicircles  in  contact  or  separated  by  a  single  row  of  scales. 

A.  oUvmi. 

i.    Doisal  scales  not  or  only  very  slightly  enlarged  on  vertebral  line;    occipital 
separated  from  supraorbital  semicircles  by  a  single  scale  nearly  as  large  aa 

the  occipital A.ditHchut. 

Dorsal  scales  enlarged,  often  feebly  keeled  on  vertebral  line;  no  large  pre-occipital 

scale 5. 

5.  Scales  of  supraorbital  semicircles  not  much  enlai|>ed,  widely  separated. 

A.  eiilonxyanut. 

Supraorbital  semicircles  in  contact  or  narrowly  separated. .,...,..  ,6. 

6.  A  dorsonuchal  fold A.eybolet. 

No  dorsonuchal  fold A.  eUriti^ut. 

(I  have  omitted .ilnotw  pulcheUue,  A.  aislalellia,  and  A.  stralulus  from  the  Santo 
Domingan  Anoles  as  probably  erroaeously  recorded.) 

Lelocophftlua  gchreibenil  (Gravenhorst) 
Mr.  Olsson  and  I  collected  twenty-five  specimens  of  this  species  at 
Monte  Ciisti,  where  it  is  the  most  abundant  species  on  the  sandy  beach. 
The  larger  and  more  brilliantly  colored  males  are  found  only  along 
the  beach,  while  the  females  and  young  are  found  on  the  arid  hillsides 
farther  back,  as  well  as  on  the  beach.  The  females  are  characterized 
by  the  presence  of  a  black  spot  on  each  side  just  above  the  axilla. 

Lalocapbalus  porwmfttui  Cope 

The  collection  contains  fifty-nine 
specimens  from  Monte  Crist  i,  Puerto 
Plata,  and  Sanchez,  and  I  observed  it  also 
at  Sabaneta  in  the  interior. 

As  in  the  preceding  species,  the  adult 
males  are  much  more  brightly  colored  than 
the  juvenile  and  female  specimens.  In  the 
lai^est  males  the  back  is  gray  and  the  sides 
are  bright  red  and  green,  the  red  predomina- 
ting; the  belly  is  light  green,  the  upper  sur- 
face of  the  hind  legs  bright  green.  The  vivid 
black   spots   o{  the  throat  and  the  lateral 

light  stripes  of  the  young  disappear  almost      Fig.  ii.   LtiowpAoim  pftoMii.- 
entirely  in  the  larj;est  specimens.  lim««t«™iii'K"  ^''  '^'**'  '^"^ 
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Laiocepbalui  bvftho&uuia,  uew  species 

Dioffrtotlic  Charadere. — Parietola  and  tranfiveise  Bupraoculara  distinct.  Scatea 
behind  ear  keeled  and  imbricate,  not  granular;  three  scales  between  the  roatral  and 
the  first  supraorbital;  frontal  and  prefrontal  scales  entirely  smooth,  separated  from 
the  canthal  scales  by  an  elongate  narrow  scale;  forty  scalea  around  the  body;  dorsal 
and  caudal  crests  luw.  No  dorsolateral  light  line  in  the  adult;  throat  heavily  spotted 
or  vermiculated  with  brown  in  both  young  and  adult. 

Raage. — Southeastern  Santo  Domingo,  Barahona  Province. 

Tvpe.~\.  M.  N,  H,  No.  2736;  Barahona,  Santo  Domingo;  J.  L.  Phillips;    1912. 

DeieriplioH  of  Type. — 

Head  Bcale«  well  developed;  three  iMules  between  the  rostral  and  the  first  supra- 
ucular;  apairoffrontals,  a  pair  of  prefrontals,  and  a  pair  of  supranasals;  each  of  these 
.icales  in  contact  with  ita  fellow,  but  enclosing  a  series  of  three  small  median  scales; 
frontols  and  prefrontals  separated  from  the  canthal  scales  by  an  elongate  rhomboidal 
Hcale;  three  pairs  of  supraorbitals;  seven  Hupraoculars  on  each  side;  a  small 
occipital,  bordered  by  a  pair  of  narrow  parietals,  fo'lowcd  on  each  side  by  a  broad 
[isnetal  twice  as  broad  as  the  inner;  anterior  head  shields  smooth,  supraoculars  and 
parietals  striate;  five  upper  and  five  lower  labials.  Dorsal  and  lateral  scales  aharply 
keeled.  sL^tly  mucronate;  ventral  scales  smooth;  about  forty  scales  around  the 
middle  of  the  body;  scales  of  the  sides  of  the  neck  like  the  dorsals;  dorsal  and  caudal 
crcAla  low. 

Back  greenish  gray,  nearly  uniform;  sides  darker;  venter  lighter  greenish  gray, 
throat  and  chin  heavily  spotted  with  dark  brown. 

Wolet  on  Paralypes. — The  two  paratypes 
agree  in  essential  characters  with  the  type.  The 
iqnaller  specimen  has  a  faint  dorsolateral  line 
anteriorly.  Both  have  onlv  two  scales  in  the 
m«dian  series,  lietween  the  frontalx  and  prefron- 
tals 

This  species  is  a  vety  (li»tttii't  one, 
allied  to  L.  pernoTMtus,  from  which  it  is 
inunediatcly  distinguished  by  the  smooth 
frontal  and  prefrontal  shields  and  the 
much  lower  crests  of  the  back  and  tail. 
L.  Hemilineatuii  Dimn,  recently  described 
from  Thomazeaii.  Haiti,  appears  to  be 
more  clo8elJ^  alUed  to  L.  inelanocklorii-it 
than  to  personalus.  if  the  number  of 
shields  t>etwecn  the  roatral  and  ^iipraor- 
bitalx  may  be   rclie<l   upon   as   a  group 

character.  1  have  used  a  somewhat  differ-   Kch™c!i'^Tyi»^A'"M,°N'  H''N'*""2?3li". 
cnt  terminoloRj"  for  the  head-whields  than   '  '"'""""»'''"  "■"■ 
that  of  Dunn  (1920.  Vroc.  New  Kntrland  Zool.  Club,  VII.   pp.  .■i3-34). 
his  "preocular"  and   "loreal"   correspoiiiiinR  to  the  two  scales  1  refer 
to  as  canthals. 
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Key  to  the  Species  of  Leiocephalus  in  Santo  Domingo  and  Haiti 

1 .  Sides  of  neck  behind  ear  covered  with  small  sharp  granular  scales . .  L.  schreibersii. 
Sides  of  neck  covered  with  keeled  imbricated  scales,  like  dorsals 2. 

2.  Four  scales  between  rostral  and  first  supraorbital 3. 

Three  scales  between  rostral  and  first  supraorbital 4. 

3.  A  long  narrow  scale  between  the  large  canthal  and  the  frontal  and  prefrontal 

scales  on  each  side L.  melanochlorus. 

Frontal  and  prefrontals  in  contact  with  canthals L.  aemiUneatus. 

4.  Frontals  and  prefrontals  strongly  keeled L.  peraonatu^. 

Frontals  and  prefrontals  smooth L.  harahonensijt. 

Celastus  (Celastus)  costatus  (Cope) 

Twenty-two  specimens  in  the  collection  from  Samana,  Sanchez, 
Villa  Riv^,  and  the  interior  of  Azua  Province. 

Mr.  Halter's  field  notes  show  that  this  species  is  distinctly  arboreal. 
All  but  one  of  his  specimens  were  shot  on  cocoanut  palms  or  on  stimips. 

It  is  interesting  that  the  native  name  for  this  species  is  "Lucia/' 
applied  in  Porto  Rico  to  the  Mabuya.  It  is  probably  used  for  both  the 
Mabuya  and  the  Celestas  in  Santo  Dominp;o. 

Celestus  (Sauresia)  sepgoides  Gray 

One  specimen  of  this  interesting  species  was  collected  by  Mr. 
Halter  at  Sanchez,  and  a  second  comes  from  San  Pedro  de  Macoris, 
collected  by  Mr.  J.  K.  Noble. 

Mr.  Halter's  field  notes  report  that  his  specimen  was  dug  out  of  the 
ground  about  six  inches  below  the  surface.  The  limbs  are  not  used  in 
progression,  which  is  snake-like. 

This  is  one  of  the  forms  for  which  the  use  of  a  subgeneric  name  is 
most  useful.  Sauresia  represents  a  distinct  section  of  the  West  Indian 
Celestus  J  but  to  give  it  the  rank  of  a  full  genus  would  disguise  its  obvious 
relations. 

Ameiva  chrysolaema  Ck)pe 

Mr.  Olsson  and  I  collected  nineteen  specimens  of  this  species  in  the 
western  part  of  Santo  Domingo  at  the  mouth  of  the  Cana  River  and  at 
Monte  Cristi.  Another  specimen  comes  from  Barahona  in  the  south- 
western part  of  the  republic.  These  are  the  first  records,  apparently, 
outside  of  Haitian  territory.    Its  absence  in  collections  from  the  eastern 
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end  of  the  island  is  presumptive  evidence  that  A.  chrysolaetna  is  confined 
to  the  more  arid  sections. 

This  species  is  extremely  abundant  on  the  river  bottoms  in  western 
Santo  Domingo.  It  was  observed  feeding  on  anglewonns,  grasshoppers, 
and  scorpions. 

Ameiva  vittipunctata  Cope 

A  single  specimen  from  Los  Quemados  on  the  Gurabo  River  is 
referable  to  this  species. 

Axneiva  tamiura  Cope 

Twelve  specimens  in  the  collection  from  the  Gurabo  River,  the 
Cana  River,  San  Pedro  de  Macoris,  the  interior  of  Azua  Province, 
Sanchez,  Samana,  Villa  Rivas,  and  Puerto  Plata. 

This  species  belongs  distinctively  to  the  more  humid  habitat  condi- 
tions in  Santo  Domingo.  Mr.  Olsson  and  I  found  it  only  in  sliaded  and 
moist  localities  as  far  west  as  the  Cana  River.  In  the  territory  visited 
by  us  it  was  very  rare,  while  at  Samana  and  Sanchez  it  appears  to  be  the 
common  AmeitHi  of  the  beach. 

It  is  unfortunate  that  Barbour  and  Noble  (1915,  Bull.  Mus.  Comp. 
Zool.,  LIX,  p.  435)  confused  this  species  with  Ameiva  lineoUUa,  which 
belongs  to  a  very  distinct  section  of  the  genus.  The  present  collection 
contains  juvenile  specimens  of  A,  Ueniura,  much  smaller  than  adult  A, 
Hneolaia,  with  which  there  is  no  approach  in  coloration. 

Ameiva  lineolata  Dum(^ril  and  Bibron 

Eleven  specimens  of  this  interesting  and  distinct  form  were  col- 
lected at  Monte  Cristi  by  Mr.  Olsson  and  myself.  It  was  absent  on 
the  beaches  and  low  ground,  inhabiting  the  dry  hilLs  immediately  back 
of  the  town,  as  well  as  the  slopes  of  the  Moro  or  Grange  Mountain. 

Like  A.  wetmorei  in  Porto  Rico,  with  which  it  is  aUied,  this  species 
IF  doubtless  confined  to  the  more  arid  districts  of  the  island. 

Key  to  the  Species  of  Ameiva  in  Santo  Domingo 

1 .  (Jaudal  scales  smooth,  oblique .4.  lineolata. 

Caudal  scales  keeled,  straight 2. 

2.  liack  uniform  in  color  or  nearly  so  l)ctwocn  dorsolateral  Wfftii  bands . .  ^4 .  txniurn. 
Back  with  light  lines  or  spots 3. 

^.     Throe  supraoculars;    frontonasal  with  an  anterior  angle .1.  vitiipunctata. 

Four  supraoculars;  frontonasal  tnmcatc  or  n)imded  anteriorly.   .4.  chrysolaevm. 


18  BuUetin  Amvrican  Museum  of  Natural  History  [Vol.  XLIV 

Amphi8b8Bna  manni  Barbour 

Four  specimens  from  Sanchez,  San  Pedro  de  Macoris,  and  the  prov- 
ince of  Santo  Domingo. 

These  specimens  show  Uttle  variation.  The  body-rings  range  from 
222  to  228,  the  tail-rings  from  21  to  24.  Two  have  six  preanal  pores  and 
two  have  eight. 

TyphlopB  lumbricalis  (Linn^) 

One  specimen  from  San  Pedro  de  Macoris,  collected  by  Mr.  J. 
K.  Noble. 

I  have  elsewhere  endeavored  to  show  (1920,  Ann.  N.  Y.  Acad.  Sci., 
XXVIII,  p.  195)  that  the  Porto  Rican  Typhlops  usually  referred  to  T. 
lumbricalis  is  in  reality  so  well  distinguishable  from  the  Typhlops  of 
Cuba  as  to  warrant  its  recognition  as  a  separate  species.  The  single 
specimen  at  hand  from  Hispaniola  is  insufficient  material  on  which  to 
base  a  conclusion  as  to  its  distinctness.  The  specimen  has,  however, 
only  245  scales  from  snout  to  vent,  while  in  the  Cuban  series  examined 
by  me  the  minimum  is  270.  The  status  of  the  Hispaniolan,  Cuban, 
and  Jamaican  Typhlops  lumbricalis  offers  an  interesting  problem  for 
investigation. 

Typhlops  pusiUuB  Barbour 

One  specimen  of  this  species  was  collected  by  me  at  Caimito,  on 
the  Cana  River,  and  a  second  comes  from  Sanchez,  collected  by  C.  R. 
Halter. 

Epicrates  striatus  Fischer 

Three  specimens:    one  from  Los  Quemados,  one  without  further 
data  than  eastern  Santo  Domingo,  and  one  from  San  Lorenzo. 
The  scale  counts  of  these  three  specimens  follow: 

A.  M.  N.  H.  No.  Sex  Dorsal  Scales  Ventrals         Subcaudals 

9038  9  41-55-27  292  65 

6374  9  39-55-27  289  •  48 

16079  9  43-53-31  285  73 

The  unusually  low  number  of  subcaudals  in  No.  6374  may  be  due  to 
injury  of  the  tail. 

The  specimen  brought  to  us  at  IjOs  Quemados  by  a  boy  measured 
two  meters  in  length.  It  was  about  as  thick  as  a  man's  wrist,  due 
chiefly  to  the  distention  of  the  body  by  twenty-six  eggs,  measuring  from 
30  to  40  mm.  bv  25  mm. 
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Tropidophis  maculata  (Bibron) 

A  single  specimen  collected  at  Sanchez  by  C.  R.  Halter.  The 
ventral  plates  number  181,  the  subcaudals  39,  the  dorsal  rows  25-27-19. 

This  specimen  was  captured  in  a  swamp  with  one  Hyla  pulchriline- 
(Ua  in  its  mouth  while  it  was  engaged  in  constricting  another  one.  As 
numerous  mated  pairs  of  Hyla  piUchrilineaia  were  found  at  the  same 
time,  it  is  presumable  that  the  snake  attacked  a  pair  in  embrace. 

Hypsirhynchus  ferox  Giinther 

One  specimen  from  Los  Quemados;  another  from  Cercado  de  Mao. 
The  one  from  Cercado  was  found  coiled  on  the  river-bank  among  loose 
rocks. 

Uromacer  catesbsri  (Schlegel) 

There  are  twenty-two  specimens  of  this  species  in  the  collection, 
representing  the  following  localities:  Barahona,  San  Pedro  de  Macoris, 
San  Lorenzo,  Sanchez,  Villa  Rivas,  the  interior  of  Azua  Province,  Los 
Quemados,  and  Cercado  de  Mao. 

Uromacer  fronatus  (Giinther) 

A  single  specimen  from  Los  Quemados,  collected  by  the  writer. 

This  specimen  is  of  interest  in  having  only  171  ventral  plates  and  177 
.subcaudals;  dorsal  scales  normal,  17-17-11.  Boulenger  gives  ventrals 
182-193  and  subcaudals  201-205.  Dunn  (1920,  Proc.  New  England 
Zool.  Club,  VII,  p.  44)  describes  a  specimen  with  171  ventral  plates  and 
194  subcaudals  from  Tortuga  Island.  It  seems  best  to  consider  both 
these  specimens  as  somewhat  aberrant  f /.  frenaius. 

Uromacer  oxyrhynchus  Dum^ril  and  Bibron 

Four  specimens  of  this  species  from  Sanchez  and  Samana.  A  speci- 
men too  badly  injured  for  preservation  was  brought  to  our  camp  at  Los 
Quemados,  on  the  Gurabo  River.  This  specimen  was  the  largest  I  have 
seen,  measuring  nearly  two  meters. 

Leimadophii  panrifrons  protanus  (Jan) 

I  follow  Dunn  (toe.  ciY.,  p.  38)  in  the  use  of  this  name  for  the  majority 
of  Leimadophia  from  Santo  Domingo.  There  are  thirteen  specimens  in 
the  collection  from  Barahona,  Azua  Province,  San  Pedro  de  Macoris, 
and  Los  Quemados.     One  of  the  two  specimens  from  Barahona  is 
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colored  exactly  like  the  typical  form  from  the  southwestern  peninsula 
but  agrees  with  protenus  in  the  higher  ventral  count.  The  juvenile 
specimen  from  Barahona  is  very  light  in  color,  the  longitudinal  striping 
being  only  distinguishable  anteriorly.  On  the  first  sixth  of  the  body,  the 
first  three  scale-rows  are  colored  like  the  venter;  the  fourth  and  half  of 
the  fifth  is  occupied  by  a  black  band  continued  through  the  eye  to  the 
snout;  the  upper  half  of  the  fifth  row  to  the  middle  of  the  eighth  row  is 
light,  and  the  three  median  scale-rows  plus  the  borders  of  the  eighth 
row  are  dark.  This  I  regard  as  a  juvenile  coloration,  which  throws 
light  on  the  shift  in  the  position  of  the  dorsolateral  light  stripe  inL. 
alleni  and  L.  toriuganu^  CDunn,  loc,  at,,  p.  40). 

Leixnadophis  parvifrons  niger  Dunn 

Two  specimens  collected  by  Mr.  Halter  at  Sanchez  agree  exactly 
with  Dunn's  description  in  color  (loc.  cit,,  p.  39).  The  ventral  plates 
number  151  in  both;  the  subcaudals  122  and  123. 

Psaudemyi  palustris  (Gmelin) 

Nine  specimens  of  this  species  were  taken  in  the  Yuua  River  by 
Mr.  Halter.  At  Monte  Cristi  this  turtle  was  a  staple  article  of  food. 
The  Monte  Cristi  specimens  were  much  larger  than  any  of  the  Porto 
Rican  specimens  I  have  seen. 
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Article    III.  -A   LIST    OF  TURK  ISLANDS   FISHES,   WITH    A 

DFi5C^RIPTI0N  OF  A  NEW  FLATFISH 

By  John  Treadwkll  Nichols 

Plate  III 

In  September  1919,  The  American  Museum  of  Natural  History- 
received  as  a  gift  from  Mr.  Louis  L.  Mowbray,  now  of  the  Aquarium  at 
Miami,  Florida,  a  considerable  number  of  marine  fishers  collected  by  him 
from  Turk  Islands  in  the  Bahamas  during  June  and  July  1916.  One  of 
these  (a  very  interesting,  small  flatfish)  is  here  described  as  new.  The 
fishes  of  this  intere^sting  locaHty,  reputed  to  be  one  of  the  richest  in  that 
general  region  for  marine  forms,  seem  not  to  have  l>een  previously  re- 
ported on.  A  list  of  the  species?  contained  in  the  collection,  therefore,  is 
appended.  To  this  list  are  added  also  other  species  recorded  by  Mr. 
Mowbray  at  Turk  Islands  during  the  same  dates,  such  being  designated 
by  an  asteri^ik.  It  will  form  a  basis  for  a  more  thorough  survey  of  the 
islands'  fishes,  we  trust  at  an  early  date.  The  nomenclature  of  Jordan 
and  Evemiann's  'Fishes  of  North  and  Middle  America*  has  been  fol- 
lowed in  the  list. 

Platotichthtb,  new  genus 

Prpo|)eroular  margin  al)out  as  in  Achiriis.  Eyes  small,  dose  together,  mouth  ver>' 
•^mall,  approximately  symmetrical.  Minute  conical  teeth  present.  Ventral  fins 
symmetrical,  the  anal  commencing  Injtween  their  posterior  base.  Body  deep  and 
rxcessively  compressed,  the  caudal  sessile  but  disconnected  from  dorsal  and  anal. 
I^Mly  dextral;  lateral  line  with  a  short,  abrupt  arch,  the  chord  of  same  1.8  in  head. 
Small  i)ectoral  fin  present  on   both    sides.      Gill-ofx^nings   wide,    confluent  lielow. 

T>'p«»  P.  rhartcH,  new  si)ecie^.     (Pln(o\ta]tichth!fs--i\  very  flat  fish.) 

Platotichthys  chartes,  new  species 

The  typ<\  No.  7388,  American  Museum  of  Natural  History,  Is  our  only  speci- 

iiKMi  and  was  taken  at  Turk  Islands,  Bahamas,  June-July  1916,  by  L.  L.  Mowbray. 

It  is  .'W  mm.  long  to  base  of  caudal.    Depth,  1.5  in  this  measure;   head,  4.0;   lower 

eve  in  head,  ft.O;   lower  eye  to  tip  of  snout,  8.2;   inten)rbital,  4.0;    maxillar>',  4.0; 

depth  of  pe<luncle,  2.3;  pectoral,  2.7;  ventral,  1.0;  longest  dorsal  and  anal  rays,  2.0. 

'Iliickmy^s  al)out  equal  to  diameter  of  eye.    ('audal  al)out  1.6  (tip  broken).    Dorsal 

c«)mmenc<'s  on  the  profile,  in  front  of  the  upjier  eye.    Bculy  broadly,  very  regularly 

oval.  ant<*rior  profile  vertical,  lower  jaw  slightly  projecting.    Dorsal  about  95.  Anal 

:ilK)Ut  73.    No  evident  scales.    Colored  side  pale,  pro])ably  sand-grey  in  life,  marked 

with  round  dark  sjiecks  of  varying  size,  the  largest  half  the  diameter  of  eye.  (Chnrtt'n   - 

«*om pressed  like  pa|>er.) 
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List  of  Fishes  fkom  Turk  Islands 


n. 

Ginglymostorna  cirrat  um . 

*34. 

*2. 

Carcharhinus  limbatus. 

35. 

*3. 

Sphyrim  tiburo. 

*4. 

Sphyrna  zygaeva. 

*30. 

*5. 

Dasyatis  say. 

37. 

*G. 

Aetobatus  narinari. 

38. 

7. 

AiiguiUa  chrysypa. 

39. 

8. 

Ijeptocephxxlus  conger. 

40. 

9. 

Myrichthys  oculalus. 

♦41. 

*10. 

Lycodontis  moringa. 

♦42. 

ni. 

LycodorUis  fiinebris. 

♦43. 

]2. 

Echidna  caienata. 

♦44. 

*13. 

Tarpon  atlaniicus. 

*45. 

♦14. 

Elops  saurus  (common). 

*46. 

♦15. 

Albula  vidpes. 

47. 

16. 

Sardinella  sardina  (a  num- 

ber of  specimens). 

48. 

*17. 

Opisthonema  oglinum. 

*49. 

18. 

Stokphorus  brownii. 

*50. 

19. 

Synodus  synodu^. 

*51. 

20. 

Cyprinodon  variegatus. 

21. 

Tylosurus  notatua. 

*52. 

22. 

Tylosums  acus. 

♦53. 

*23. 

Hyporhamphus  unifasaatus. 

.54. 

*24. 

Hemiramphtis  brasibensts. 

55. 

25. 

Halocypselus  evolans. 

56. 

26. 

AxdostoniUH  maculatns. 

*57. 

*27. 

Siphostoma  jonesi. 

*58. 

*28. 

Corythroichthys  cayorum. 

*59. 

*29. 

Hippocampus  punciulatu.^. 

*60. 

30. 

Atherina  laiiceps^ 

*61. 

(a  imml>er  of  specimens). 

*02. 

31. 

Athaina  stipes. 

*63. 

32. 

Mugil  curcma. 

*64. 

33. 

Sphyrae^na  barracuda 

*65. 

(very  common). 

*6(). 

S>phyraena  picudilla. 

Myripristis  jacobus  (a 
number  of  specimens). 

Holocenirus  ascensionis. 

Holocenlrus  coruscus. 

Vlamm^o  rnarianus, 

Upeneus  maculalus. 

Upeneus  martinicus. 

A  uxis  thazard. 

Scotnberomoru^  maculatus. 

Scomberonwru^  regalis. 

Seiiola  zonata. 

Seriola  lalandi. 

Decapteru^  pwidaius. 

T'rachurops  a'umenoph- 
ihalmus. 

Caranx  rube}\ 

Caranx  bartholoinxi . 

Caranx  hippos. 

Caranx  crysos  (most  com- 
mon Caranx). 

Caranx  latus. 

Trachinotus  glaucus. 

Trachinotus  falcaiw^^. 

Apogonichthys  steliatus, 

Petrometopon  cruerdatus. 

Bodianus  fidvus  fulvu^. 

Bodianus  fulvus  ruber. 

Bodianu.s  fulvus  punctcdiis. 

Epinephehis  adscen&ion is. 

EpifU'phelu^  striat u^. 

Epinephehis  guiiatu^. 

Epinephelus  morio. 

Promicrops  itaiara. 

M ycieroperca  Denenosa. 

Myctei'operca  honaci. 


'Very  likely  laticeps  is  merely  an  individual  variant  of  Mipetf. 
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*67. 

Mijderoperca  falcata. 

•Nat.    Hist.,    XXXI,    p. 

*<i8. 

Myderoperca  tign's. 

190). 

m. 

HypopJedniH  unicolor. 

102. 

Kyphosus  sedatrix. 

*70. 

Dipledrum  formosu  m . 

103. 

Eques  acumifuUus. 

71. 

Para  nth  ian  furcifer. 

104. 

Eques  punciatus. 

*72. 

Hypticus  saponaceus. 

105. 

Chromis  multilineaius. 

73. 

Priacanlh  us  crueniat  us. 

100. 

Eupomacenini^  fuscus. 

*1A. 

NeomseniH  grhseus. 

107. 

EupomacentrUrS  analis. 

*75. 

Xeomsenisjocu. 

108. 

Euponiacentrus  leucostidus. 

*7(;. 

Aeomxnis  apodus. 

109. 

EupomacetUnis  partiius. 

1  <  . 

Neomaenis  hucanella. 

110. 

Abudefduf  saxatilis. 

78. 

Neomxnis  virarui^s. 

111. 

Microspaihodon  chrysurus. 

*79. 

Xeomxnis  ay  a. 

♦112. 

Lachnolaim us  maxhnus. 

♦80. 

XeomwnisanaUs, 

*113. 

Harpe  rufa. 

*81. 

Xeomaenis  synagris. 

♦114. 

Iridio  radiaiius. 

82. 

Xeomaenis  mahogoni. 

115. 

Iridio  garnoti. 

♦8:5. 

Xeom^inis  ha.shnyi    (Bean, 

♦116. 

Iridio  biviitaius. 

1898,  Bull.  Amer.  Miis. 

117. 

Thalassoma  niiidum} 

Nat.  Hist.,  X,  p.  45). 

118. 

Thalassoma  bifasdatum. 

*84. 

Ocyurus  chrysiirus. 

119. 

Sparisoma  hoplomystax. 

85. 

HhoinbopUtes  a  uroruhens. 

120. 

Sparisotna  aurofrenatum , 

m. 

Ap,silus  deniatu>(. 

*121. 

Sparisojun  abildgaardi. 

♦87. 

U  aemulon  album . 

*122. 

Sparisoma  chrysoplerum . 

*88. 

HaemuUm  parra. 

*123. 

Sparisoma  viride. 

*89. 

llaemulon  sciurns. 

♦124. 

Sparisoma  flnvescens. 

*<K). 

Hsem  ulon  plum ieri. 

*125. 

Scarus  vetula. 

*in. 

Haem  ulon  flavolineai  urn . 

♦126. 

Scarus  croicensis. 

02. 

Brachygenys  chrysargyreus. 

*127. 

Scarus  caendeus. 

*93. 

Bath y stoma  sfriai u m . 

♦128. 

Pseudoscarus  guacamaia. 

*1>4. 

-1  niaotrcmus  sun'namrnsis. 

129. 

Pseudoscarus  plumbeus 

*05. 

Calamus  calamus. 

(Bean,  1912,  Proc.  Biol. 

1H>. 

Calamus  hajoiuuio. 

Soc.    Wash.,    XXV,    p. 

♦07. 

Calamus  ardifrons. 

125). 

08. 

Eucinostom us  harengulus. 

♦130. 

Ch^todipteru^  faber. 

90. 

I  latma  lefroyi. 

*131. 

Chaetodon  ocellaius. 

I(K). 

Xystsema  cinereum. 

132. 

Chaetodon  striatus. 

101. 

Xystaema  havami  (Nichols, 

*133. 

Chaetodon  capislratus. 

1912,  Bull.  AuKM*.  Mus. 

134. 

Pnmaca  nlh  us  a  re  uat  us . 

'The  opinion  hax  been  advanced  that  nitulum  in  the  young  of  bifaaciatum,  but  thiH  han  never  been 
fi*tnbli*he<l  to  the  writer'H  Jiatinfartion. 
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135. 

Pmftacanlhus  paru. 

♦150. 

136. 

Holacanthus  tricolor   (coin- 

♦151. 

inon). 

♦152. 

♦137. 

Angelichihys  ci  Han's. 

♦153. 

*138. 

Teuthis  casruleus. 

154. 

*139. 

Teuthis  hepatus. 

♦155. 

140. 

Teuthis  bahianiis. 

156. 

♦141. 

Teuthis  helioides  (Barbour, 

♦157. 

1905,  Bull.  Mus.  Comp. 

♦158. 

Zoo!.,  XLVI,  p.  127). 

150. 

♦142. 

Balistes  carolinens^is. 

♦143. 

Batistes  vetiila. 

160. 

144. 

Melichthys  piceus. 

161. 

145. 

Monacanthus  ciliatxis. 

♦146. 

Monacanth\i8  hispidus. 

162. 

147. 

Pseudomonacanfh us  aviphi - 

163. 

oxys} 

164. 

♦148. 

Ceratacaiuhus  script  us. 

165. 

♦149. 

Ijadophrys  tnqueter. 

♦166. 

Ijodophrys  bicaudcUis. 
Lactophrys  trigonns. 
Ladophrys  tricomis. 
Spheroides  spengleri. 
Canthigaster  rosiraitw. 
Diodon  hystrix. 
Chilomyderus  spinosws, 
Scorpxna  plumieri, 
Cephalacanthus  volitans, 
Gobius  soparator  (a  number 

of  specimens). 
Malacanthus  plumieri. 
Dadyloscopus  tndigitaius  (a 

munber  of  specimens). 
Labrisonius  nuchipinnis, 
Labrisorrfiis  bttccifems, 
Platophrys  lunatus, 
Platotichihys  charies. 
Ogcocephalus  radiatu^. 


'The  opinion  has  been  advanced  that  this  is  the  younfc  of  Canthennen  pulluB,  but  this  has  never 
been  estabhshed  to  the  writer's  satiBfaction. 
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Article  IV.— DESCRIPTION  OF  A  SKULL  OF  THE   EXTINCT 
MADAGASCAR    CROCODILE,    CROCODILUS    ROBUSTUS 

VAILLANT  AND  GRANDIDIER^ 

By  Charles  C.  Mook 

With  Prefatory  Note  by  W.  D.  Matthew 

Plate  IV 

Prefatory  Note 

With  the  following  article  Dr.  Mook  begins  a  series  of  contributions  to  the 
osteology,  affinities,  and  distribution  of  the  Crocodilia,  based  primarily  upon  the 
study  of  the  collections  of  fossil  and  Recent  crocodiles  in  The  American  Museum  of 
Natural  History.  Through  the  courtesy  of  the  United  States  National  Museum  and 
the  good  offices  of  Mr.  C.  W.  Gilmore,  the  entire  collection  of  extinct  crocodiles  of 
that  institution  has  been  placed  at  his  disposal  for  comparative  study.  We  are  no 
less  indebted  to  Dr.  Samuel  Henshaw  and  Dr.  Thomas  Barbour,  of  the  Museum  of 
Comparative  Zoology,  for  the  loan  of  a  series  of  skulls  and  skeletons  of  existing  and 
extinct  Crocodilia,  including  several  species  difficult  to  secure  for  comparison.  Dr. 
A.  G.  Ruthven,  of  the  University  of  Michigan  has  kindly  loaned  several  skulls  of 
South  American  crocodiles. 

It  is  intended  to  publish  the  results  of  these  researches  in  the  form  of  a  series  of 
short  contributions,  dealing  first  with  the  later  Tertiary  and  post-Tertiary  species, 
then  the  early  Tertiary  forms,  and  afterwards  the  Mesozoic  crocodiles,  leading  up  to  a 
general  revision  of  the  order. 

W.  D.  Matthew. 

In  commencing  this  series  of  contributions  upon  the  Crocodilia, 
the  writer  desires  to  express  his  acknowledgements  to  Professor  Osborn 
and  Doctor  Matthew  for  the  opportunity  to  study  and  describe  the  col- 
lections of  fossil  crocodiles  in  The  American  Museum  of  Natural  History; 
to  the  American  Museum  Department  of  Herpetology;  to  Mr.  C.  W. 
Gilmore,  of  the  United  Stat^^  National  Museum;  to  Dr.  Thomas  Bar- 
bour, of  the  Museum  of  Comparative  Zoology;  and  to  Mr.  A.  G.  Ruth- 
ven, of  the  University  of  Michigan,  for  the  loan  of  specimens  for  compari- 
son and  for  permission  to  publish  the  results  in  certain  cases  where  it 
seemed  advisable. 

The  following  description,  based  upon  a  skull  in  the  collection  of  the 
Maseum  of  Comparative  Zoology,  is  published  by  permission  of  the 
director  of  that  Museum,  Dr.  Samuel  Henshaw,  and  of  Dr.  Thomas 
BarlK>ur. 
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The  skull  here  described  was  collected  by  F.  R.  Wulsin  near  Ant- 
sirabe,  Madagascar,  and  was  iBgnred  by  Dr.  Barbour  in  1918/  with  notes 
on  the  validity  of  C.  rchustus  as  a  species,  the  conclusion  being  that  it  is 
valid  as  a  fossil  species  but  does  not  exist  at  the  present  time,  the  large 
forms  referred  to  it  being  very  old  individuals  of  C.  niloticus.  The  geo- 
logical horizon  of  the  skull  is  unknown;  it  is  probably  late  Pleistocene. 

General  Form 

The  size  of  the  specimen  is  small,  but  its  proportions  are  stout.  The 
breadth  across  the  quadrato-jugal  bones,  across  the  cranial  table,  across 
the  base  of  the  snout,  between  the  two  canine  grooves,  and  across  the 
anterior  part  of  the  snout  is  in  each  case  relatively  great  in  proportion 
to  the  length  of  the  skull.  The  premaxiUary  region  is  especially  broad  in 
proportion  to  its  length;  the  length  of  these  bones  from  the  premaxillary- 
maxillary  suture  on  the  palate  to  the  tip  of  the  snout  Ls  only  about  two- 
thirds  the  maximum  breadth  across  the  premaxillaries. 

The  snout  is  exceedingly  short,  being  only  about  one  and  one-sixth 
times  as  long  as  broad  at  the  base.  The  posterior  half  of  the  external 
naiial  opening  is  bordered  by  a  distinct  ridge.  A  distinct  ridge  extends 
inward  and  backward  from  each  canine  groove  to  the  nasal  bone;  from 
the  nasal  bone  to  the  median  line  it  becomes  less  distinct  and  finallv 
disappears.  Each  of  these  ridges  makes  an  angle  of  about  45°  with  the 
longitudinal  axis  of  the  skull.  The  superior  portion  of  the  premaxillo- 
maxillary  suture  roughly  follows  this  ridge,  but  is  slightly  more  trans- 
verse in  direction.  Posterior  to  each  of  these  oblique  ridges  is  a  con- 
spicuous depression;  this  depression  lies  over  the  fourth  and  fifth  maxil- 
lary teeth.  Posterior  to  these  depressions  is  another  pair  of  elevations 
extending  obliquely  inward  and  backward  from  the  alveolar  border; 
these  elevations  contain  the  roots  of  the  fifth  maxillary  teeth.  In  front 
of  each  orbit  a  ridge  extends  anteriorly  and  externally  from  the  superior 
border  of  the  orbit,  turning  directly  forward  a  short  distance  in  front  of 
the  orbit;  it  dies  out  at  the  level  of  the  seventh  maxillary  tooth.  This 
ridge  does  not  converge  toward  its  opposite  as  in  C.  porosuSf  nor  does  it 
extend  as  far  forward  as  in  that  species;  the  two  ridges  are  also  rela- 
tively farther  apart  than  in  C.  porosus.  The  pitting  is  rough,  relatively 
fine-textured  on  the  ridges  but  coarser-textured  between  them.  The  two 
ridges  are  continued  backward  along  the  superior  borders  of  the  orbits, 
and  along  the  external  borders  of  the  cranial  table.  The  interorbital 
region  is  practically  flat,  or  sUghtly  concave;  it  is  of  moderate  breadth. 
A  prominent  elevation  is  located  between  the  anterior  portions  of  the 

»Bull.  Mu8.  Comp.  Zool.,  LXI,  No.  14. 


1921]  Mookf  Description  of  SkuU  of  an  Extinct  Crocodile  27 

orbits;  it  is  situated  entii*ely  upon  the  anterior  process  of  the  frontal 
bone,  and  occupies  most  of  this  process. 

The  cranial  table  is  concave  laterally,  and  slopes  conspicuously 
downward  anteriorly.  On  the  posterior  border  a  pair  of  small  processes 
extends  backward,  lying  directly  behind  the  supratemporal  fenestrse. 
The  table  is  very  broad  in  proportion  to  its  length;  it  is  much  narrower 
anteriorly  than  posteriorly,  the  lateral  borders  converging  anteriorly. 
Each  posteroexternal  corner  is  elevated  into  a  thick  process  which  is 
very  conspicuous. 

The  festooning  of  the  jaw,  seen  laterally,  consists  of  a  straight  max- 
illary border,  a  deep  canine  notch,  a  rapid  descent  from  this  to  the  level 
of  the  fourth  and  fifth  maxillary  teeth,  then  a  slight  rise  to  the  level  of  the 
posterior  end  of  the  seventh  maxillary  tooth,  a  sUght  descent  to  the  level 
of  the  tenth  maxillary  tooth,  and  finally  a  slight  rise  further  back.  From 
above  is  seen  a  relatively  slight  constriction  at  the  canine  notches,  an 
expansion  to  the  level  of  the  fifth  and  sixth  maxillary  teeth,  then  a  very 
slight  constriction  at  the  base  of  the  seventh  maxillary  tooth.  This 
posterior  constriction  differs  from  the  corresponding  constriction  in  most 
crocodile  skulls  in  being  situated  nearer  to  the  orbits  than  to  the  canine 
notch.   The  surface  of  the  palate  is  concave  in  its  anterior  portion. 

Cavities  of  the  Skull 

External  Narial  Opening. — This  cavity  is  almost  circular,  but  is 
slightly  broader  than  long.  The  nasal  bones  project  very  slightly  into  the 
cavity  itself. 

Orbits. — The  orbits  are  large.  They  are  almost  as  broad  as  long, 
and  their  anterior  ends  are  bluntly  pointed.  They  are  situated  near  the 
middle  of  the  skull,  the  antorbital  region  being  little  longer  than  the  post- 
orbital. 

Supratemporal  FENESTRiB. — These  fenestrse  are  of  medium 
siae  and  are  irregularly  oval  in  outline.  They  are  relatively  far  apart; 
their  longest  axes  approach  each  other  at  an  angle  of  about  45°, 

Infratemporal  Fenestile. — The  infratemporal  fenestrse  are  large; 
they  contrast  with  those  of  most  crocodiles  in  being  at  least  two-thirds 
as  long  as  the  orbits.  The  sharp  infratemporal  processes  of  the  quadrato- 
jugals  are  not  present  in  the  specimen,  evidently  having  been  broken 
off. 

Inferior  Premaxillary  Foramen. — The  borders  of  this  (cavity 
are  not  preserved,  but  the  cavity  itself  was  evidently  large. 
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Palatine  FEXESTRiE. — These  cavities  are  relatively  large,  especially 
in  the  transverse  direction.  They  extend  as  far  forward  as  the  center  of 
the  space  between  the  seventh  and  eight  maxillary  teeth  on  the  left  side 
and  the  posterior  part  of  the  seventh  tooth  on  the  right  side. 

Bones  of  the  Skull 

Premaxillaries. — These  bones  are  remarkable  for  their  great 
breadth  in  proportion  to  their  length,  and  the  nearly  uniform  size  and 
relatively  uniform  spacing  of  the  teeth.  The  firat,  third,  and  fifth  teeth 
are  practically  the  same  in  size;  the  fourth  is  a  little  larger  than  these, 
and  the  second  is  a  little  smaller;  the  third  and  fourth  are  slightly 
farther  apart  than  the  others. 

The  premaxillo-maxillary  suture  on  the  palate  is  irregular,  but  is 
transverse  in  general  direction.  Its  farthest  posterior  extension  is  only 
to  the  level  of  the  center  of  the  first  maxillary  tooth.  On  the  superior 
surface,  the  suture  extends  as  far  back  as  the  center  of  the  space  between 
the  first  and  second  maxillary  teeth.  The  suture  extends  almost  directly 
mward  from  each  canine  notch  to  a  point  near  the  nasal  and  then  turns 
sharply  backward.  It  crosses  the  ridge  mentioned  above.  A  pair  of 
shallow  pits  is  situated  between  the  first  and  second  premaxillary  teeth, 
and  internal  to  them,  for  the  reception  of  the  first  mandibular  teeth. 

There  is  a  similar  pit  between  the  third  and  fourth  teeth,  and  a 
very  shallow  one  between  the  fourth  and  fifth. 

Maxillaries. — The  maxillaries  are  very  broad  in  proportion  to 
their  length.  The  sutures  with  the  nasals  are  short;  those  with  the 
lacrymals  are  more  nearly  antcro-posterior  in  direction  than  transverse. 
The  superior  portions  of  the  maxillo-jugal  sutures  are  more  nearly  trans- 
verse in  direction  than  antero-posterior.  Nearer  the  inferior  borders  of 
the  skull  they  curve  backward,  finally  bending  abruptly  downward  to 
the  border  in  nearly  vertical  Unes. 

On  the  palate  the  maxillaries  have  twelve  teeth  on  each  side.  The 
variation  in  the  size  and  spacing  of  these  is  relatively  slight.  The  maxil- 
lary teeth  increase  regularly  in  size  from  the  first  to  the  fifth.  All  of 
these  are  close  together.  The  sixth  is  about  the  same  size  as  the  fourth 
and  is  close  to  the  fifth.  A  shallow  pit  is  situated  between  the  sixth  and 
seventh  teeth,  partly  in  line  with  the  teeth  themselves  and  partly  internal 
to  them.  A  larger  pit  is  similarly  situated  between  the  seventh  and 
eighth  teeth.  The  seventh  tooth  is  about  equal  in  size  to  the  eighth. 
The  eighth,  ninth,  tenth,  eleventh,  and  twelfth  teeth  are  all  close  to- 
gether and  about  equal  in  size,  which  is  about  that  of  the  second  or  third 
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maxillary  teeth.  The  maxillo-palatine  suture  extends  directly  inward 
from  the  palatine  fenestra  about  one-third  of  the  distance  between  this 
fenestra  and  the  median  line;  it  then  curves  sharply  forward  and  meets 
its  mate  in  a  fairly  sharp  point  on  the  midline  at  the  level  of  the  anterior 
border  of  the  sixth  maxillary  tooth.  About  one-half  of  the  external 
border  and  one-fifth  of  the  internal  border  of  each  palatine  fenestra  are 
composed  of  the  maxillary  bone.  The  suture  with  the  ectopterygoid 
b^ns  at  the  level  of  tenth  maxillary  tooth  and  extends  back  a  short 
distance  behind  the  twelfth  tooth. 

Nasals. — The  nasal  bones  are  short  and  broad.  Thev  constrict 
slightly  ummediately  behind  the  posterior  processes  of  the  premaxillaries 
but  expand  again  near  the  anterior  end  of  the  contact  with  the  lacry- 
mals.  The  naso-lacrymal  sutures  extend  straight  back  to  the  anterior 
end  of  the  naso-prefrontal  contact.  The  latter  contacts  converge 
slightly  posteriorly.    The  naso-frontal  contact  is  in  the  form  of  a  broad  V. 

liACRYMALS. — ITiesc  boues  are  relativelj'^  large,  much  larger,  in  fact, 
than  the  prefrontals.  The  length  of  the  naso-lacr3anal  suture  is  rela- 
tively great,  being  about  one-third  as  long  as  the  maxillo-nasal  suture. 
The  lacr>'mals  carr>'  the  preorbital  ridges. 

Prefrontals. — The  prefrontals  are  relatively  small;  their  length 
is  considerable  in  proportion  to  their  breadth.  Each  prefronto-lacrymal 
suture  extends  in  a  direct  antero-posterior  direction  through  the  anterior 
two-thirds  of  its  length;  its  posterior  portion  turns  outward  toward 
the  inferior  border  of  the  orbit.  The  prefrontals  carr>'  the  anterior  por- 
tions of  the  supraorbital  ridges. 

Frontal. — The  single  frontal  bone  carries  part,  of  each  supraorbital 
ridge;  its  anterior  portion  carries  a  small  median  elevation;  this  an- 
terior process  is  about  equal  in  length  to  the  broader  portion  of  the  bone. 
The  orbital  borders  of  the  frontal  are  very  short.  The  suture  with  the 
parietal  is  not  very  distinct,  but  it  appears  to  be  anterior  to  the  supra- 
temporal  fenestrfiB,  the  frontal  not  entering  these  cavities.  The  median 
postorbital  portion  of  the  bone  is  deeply  sculptured. 

Postorbitals. — The  postorbital  bones  are  not  especially  character- 
istic. 

Parietal. — This  is  characterized  by  very  deep  sculpturing.  It 
carries  a  pair  of  bony  prominences  back  of  the  supratemporal  fenestrse. 
It  appears  to  reach  the  posterior  border  of  the  skull  around  the  supra- 
cK-cipital,  but  the  sutures  in  this  region  are  not  distinct.  The  distance 
l)etweeri  the  two  supratemporal  fcMiestne  is  greater  than  the  length  of 
the  fenestra^  themselves. 
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Squamosals. — The  squamosals  are  large  and  massive.  The  postero- 
external corners  are  elevated  into  prominent  protuberances.  The  sutures 
with  the  exoccipitals  are  obscure. 

SuPRAOCCiPiTAii. — This  bone  appears  to  extend  back  a  considerable 
distance  on  the  superior  surface  of  the  skull;  this  cannot  be  determined 
accurately  because  of  the  obscure  nature  of  the  parieto-supraoccipital 
suture.    The  other  sutures  are  equally  obscure. 

JuGALs. — These  bones  are  not  especially  characteristic. 

QuADRATO-juGALs. — The  quadrato-jugals  lack  the  sharp  antero- 
superior  processes  which  are  characteristic  of  Crocodilus  and  Tomistoma. 
They  were  probably  present  originally  but  have  not  been  preserved. 
The  bones  are  not  especially  characteristic. 

Quadrates. — The  quadrate  bones  are  not  especially  characteristic. 

Palatines. — The  palatines  are  relatively  short  and  broad.  The 
maxillo-palatine  suture  has  been  described  above.  The  palato-pterygoid 
suture  bends  forward  as  in  C.  palustris, 

EcTOPTERYGOiDS. — The  left  ectopterygoid  only  is  preserved,  and  it 
is  not  complete.  The  bone  does  not  appear  to  be  especially  characteristic. 
The  pterygo-ectopterygoid  sutures  divide  the  posterior  borders  of  the 
palatine  fenestrse  into  two  equal  portions. 

Exoccipitals,  Basioccipital,  Periotics,  Alisphenoids,  and 
Basisphenoid. — None  of  these  bones  exhibit  characters  which  are  of 
sufficient  value  to  require  special  description. 

Measurements 

Length  of  Skull,  Median  30.0  cm. 
Breadth  Across  Premaxillaries  9.7 
Length  of  Premaxillaries  on  Palate  6.4 
Breadth  Across  Canine  Groove  8.2 
Length,  Anterior  End  of  Palatine  to  Premaxillary-maxillary  Suture  6.4 
Length,  Anterior  End  of  Palatine  to  Tip  of  Snout  12.1 
Length,  Anterior  End  of  Palatine  to  Anterior  End  of  Internal  Nares  13.2 
Length,  Pmx.-Mx.  Suture  on  Canine  Groove  to  Anterior  End  of  Ectop- 
terygoid, Right  Side  12.7 
Breadth  Across  Last  Alveoli  ,,  15.7 
Length,  Maxillary  Alveolar  Border,  Left  15.0 
Length,  Maxillary  Alveolar  Border,  Right  14.7 
Length,  Palatine  Foramen,  Left  .  8.5 
Breadth,  Palatine  Foramen,  Left  4.6 
Breadth,  Palatines  at  Maxillo-palatine  Suture  4.5 
Breadth  Across  Maxillaries  at  6th  Maxillary  Tooth  13.7 
Breadth  Across  Maxillaries  Posterior  to  7th  Maxillary  Tooth  13.5 
Breadth  Across  Quadrates  21.3 
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Breadth  Across  Quadrato-jngals  23.1  (est.) 

Breadth  Across  Posterior  End  of  Cranial  Table  13.8 

Breadth  Across  Anterior  End  of  Cranial  Table  9.6 

Len^h  of  Cranial  Table  8.2 

Length,  Maxillo-nasal  Suture,  Left  5.3 

Length,  Maxillo-nasal  Suture,  Right  5.8 

Length,  Lacry mo-nasal  Suture,  Left  1.9 

Length,  Lacrymo-nasal  Suture,  Right  1.9    ' 

Length,  Frontal  Border  of  Orbit,  Left  1.75 

Length,  Frontal  Border  of  Orbit,  Right  1.65 

Length,  Anterior  End  of  Orbit  to  Posterior  End  of  Cranial  Table,  Left  13.6 

Length,  Anterior  End  of  Orbit  to  Posterior  End  of  Cranial  Table,  Right  13.0 

Length,  External  Nares  3.1 

Breadth,  External  Nares  3.3 

Breadth  of  Snout  at  Base  15.5 

Length  of  Snout  18.7 

Length,  Anterior  End  of  Orbit  to  Canine  Groove,  Left  13.2 

Length,  Anterior  End  of  Orbit  to  Canine  Groove,  Right  13.3 

Breadth  Between  Orbits  4.1 

Breadth  Across  Preorbital  Ridges  6.4 

Breadth  Across  Orbits,  Maximum  12.9 

Breadth  Across  Supratemporal  Fenestrse,  Maximum  6.6 

Breadth  Between  Supratemporal  Fenestrse  1.8 

Length,  Anterior  End  of  Orbit  to  Tip  of  Snout,  Left,  Perpendicular  18.9  (est.) 

Length,  Anterior  End  of  Orbit  to  Tip  of  Snout,  Left,  Oblique  19.4 

Length,  Anterior  End  of  Orbit  to  Tip  of  Snout,  Right,  Perpendicular  16.3  (est.) 

Length,  Anterior  End  of  Orbit  to  Tip  of  Snout,  Right,  Oblique  17.6 

Length,  Orbit,  Left  5.5 

Length,  Orbit,  Right  5.4 

Breadth  Orbit,  Left  5.2 

Breadth,  Orbit,  Right  5.2 

Length,  Supratemporal  Fenestra,  Left,  Oblique  Maximum  3.3 

Length,  Supratemporal  Fenestra,  Right,  Oblique,  Maximum  3.1 

Length,  Infratemporal  Fenestra,  Left  2.5 

Length,  Infratemporal  Fenestra,  Right  2.3 

Remarkb 

The  relations  of  this  crocodile  are  unknown.     The  short,  robust 

proportions,  the  transverse  preniaxillo-maxillary  suture  on  the  palate, 
and  the  relatively  great  breadth  of  the  premaxillary  bones  suggest  C, 
jxilastrit*  and  C  rhonibifer.  In  other  respects,  however,  this  form  differs 
considenibly  from  either  of  these  species.  Until  more  is  known  of  the 
adaptive,  convergdnt,  and  palaeotelic  characters  of  the  Crocodilia,  it 
seems  l>est  to  make  no  statement  regarding  the  relationships  of  Crocodilus 
rohuiftHH, 


Plate  IV 
Skull  of  CrocwlUua  rohusUis\B.i\\f\iii  and  Grandidier 
In  the  Museum  of  Comparative  ZooIori- 
Alx)ut  three-ten tha  natural  size 

Fig.  1.     Lateral  view,  left  side 
Fig.  2.     Superior  view 
Fig.  3.     Inferior  view 
After  Barbour 
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Article  v.— SKUIX  CHARACTERS  AND  AFFINITIES  OF  THE 
EXTINCT   FLORIDA   GA\1AI.  GAVIALOSUCHUS 

AMERICANA  (Sellards)^ 

By  Charles  C.  Mook 
Plates  V  to  IX 

Excavations  for  rock  phosphate  in  the  Miocene  of  Florida  in  the 
last  few  years  have  brought  to  light  a  considerable  number  of  specimens 
of  fossil  crocodiles.  Some  of  the  specimens  thus  obtained  by  the  Amal- 
gamated Phosphate  Company  have  been  presented,  through  the  good 
offices  of  its  superintendent,  Mr.  Anton  Schneider,  by  the  company  to 
ITie  American  Museum  of  Natural  History.  Others  have  been  presented 
to  the  Florida  Geological  Sur\'ey,  the  United  States  National  Museum, 
and  the  Museum  of  Comparative  Zoology. 

In  1915  Dr.  ¥j.  H.  Sellards^  described  the  anterior  portion  of  the 
snout  of  one  of  these  crocodiles  under  the  name  Tomistonia  americana. 
In  1916  he  published  further  descriptions,  chiefly  of  the  mandibles.'  The 
American  Museum  collections  include  one  nearly  complete  skull  of  this 
species  (Amer.  Mus.  No.  5663)  and  the  anterior  portions  of  the  skull  and 
jaws  of  another  specimen  (Amer.  Mus.  No.  5662).  This  material  is  much 
more  complete  than  the  material  described  by  Sellards  and  forms  a 
l)etter  ba?is  of  comparison  with  other  tomistomoid  species. 

In  the  general  form  of  the  skull  and  the  arrangement  of  the  sutures 
on  the  superior  surface  of  the  snout,  this  species  bears  considerable  re- 
semblance to  the  living  Tomistonm  schlegelii  and  to  several  known  fossil 
species  of  Tomistoma,  After  careful  examination  of  the  type  specimen 
(U.  S.  Nat.  Mus.  No.  8810)  and  the  well-preservc\d  skull  in  the  American 
Museum  (Amer.  Mus.  No.  5663)  and  comparison  with  specimens  of  T, 
schlegelii  and  with  specimens  and  figures  of  fossil  species  of  TomiMoma, 
it  appears  that  th^se  resemblances  may  be  more  or  less  superficial,  and 
tend  to  distract  the  attention  of  the  observer  from  diflferences  which  are 
perhaps  more  important.  In  the  following  description  these  resemblances 
and  differences  are  analyzed,  and  an  attempt  is  made  to  evaluate  them 
correctly.    The  species  is  here  referred  to  Gavialosiichv^  Toula  and  Kail. 


■(Contributions  to  the  Osteolocy,  Affinities,  and  Distribution  of  the  Crocodilia.    No.  2. 

>E.  H.  SeiUrds.  1015.  A  New  Gavial  from  the  Late  Tertiary  of  Florida.  Amer.  Journ.  Sci.,  (4) 
XL.  pp-  135-138,  2fi|o. 

*K.  II.  Sellards,  1016.  A  New  Tortoise  and  a  Supplementary  Note  on  the  Ciavial,  Tomistoma  amrri- 
tana.    Amer.  Journ.  Sei..  (4)  XLII.  pp.  235-240,  3  figs. 
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Gener\l    Form 

As  in  Tamistoina  schlegeliiy  the  skull  of  Gatrialosuchus  americana  is 
long  and  slender;  it  resembles  the  skiill  of  the  living  Crocodilus  cata- 
phradus  in  many  respects;  it  is  much  less  slender  than  the  skulls  of  T. 
schlegeliiy  T,  gavialoides  Andrews  from  the  Eocene  of  Egypt,  and  the 
living  gavial,  Garialis  gangeiicus;  it  resembles  more  closelj^  in  this  respect 
T,  calariUmus  Capellini  from  the  ItaUan  Tertiary  and  Gavialosuchim 
cggenburgense  Toula  and  Kail  from  the  Miocene  of  Austria.  It  is  decided- 
ly broader  than  the  skull  of  T,  schlegeliiy  but  is  not  so  deep  vertically,  nor 
does  the  external  surface  of  the  snout  roll  under  as  in  the  latter  species; 
crushing  of  the  fossil  specimens  has  probably  had  little  or  nothing  to  do 
with  this  character.  The  expansion  of  the  snout  posterior  to  the  narial 
aperture  is  not  gradual,  as  in  typical  species  of  Tomislomay  but  irregular, 
the  snout  expanding  and  then  contracting  slightly,  somewhat  as  in  the 
typical  crocodiles.  The  snout  expands  abruptly  immediately  posterior 
to  the  notches  which  received  the  fifth  premaxillary  teeth;  ix)sterior  to 
this  the  sides  remain  parallel  to  the  fourth  maxillary  teeth,  where  the 
snout  expands  abruptly  again ;  the  transverse  diameter  of  the  snout  across 
the  fifth  maxillary  teeth  is  nmch  greater  than  across  the  fourth.  Pos- 
terior to  the  fifth  maxillary  teeth  the  snout  contracts  graduaUy  as  far 
back  as  the  space  between  the  seventh  and  eighth  maxillary  teeth;  then 
it  expands  suddenly  and  continues  to  expand  steadily  from  the  eighth 
maxillary  teeth  to  the  fourteenth,  or  last;  posterior  to  the  last  maxillary 
teeth  is  a  slight  constriction,  and  then  a  steady  expansion  behind  the 
orbits;  the  quadrate  region  is  not  preserved. 

The  cranial  table  is  considerably  broader  than  long,  and  is  almost 
rectangular  in  form.  It  is  relatively  large  in  size,  considerably  surpassing, 
in  this  respect,  other  tomistomoid  species  except  G,  eggenburgense. 

The  breadth  of  the  skull  is  great  in  proportion  to  its  vertical  height. 


Cavities  of  the  Skull 

SuPRATEMPORAL  FENESTRiW. — The  supratemporal  fenestras  in  this 
species  are  very  large;  they  are  oval  in  outUne  and  arc  broader  than  long, 
also  close  together.  In  their  fonn  these  fenestrae  differ  from  the  fenestra* 
of  the  various  species  of  Toniidoma:  they  resemble  those  of  Gavialo- 
sitchuii  eggenhurgense.  In  size  they  resemble  the  fenestra?  of  T.  gavialmdes 
Andrews  and  T.  afrkanvm  Andrews,  and  differ  from  the  existing  Tonn- 
stoma  and  from  T.  calantnnus  Capellini.  llach  fenestra  is  larger  than  the 
narial  opening  and  is  about  the  same  size  as  the  orbit. 
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Orbits. — The  orbits  are  widely  separated.  They  are  rather  large  in 
size,  and  their  axes  of  greatest  length  converge  anteriorly;  their  diam- 
eters from  the  antero-internal  to  the  postero-external  ends  are  consider- 
ably greater  than  from  the  antero-external  to  the  postero-internal  sides. 

Nasal  Orifice. — The  nasal  orifice  is  large;  it  has  a  straight  trans- 
verse anterior  border;  its  lateral  borders  are  curved  and  converge 
slightly  in  the  posterior  direction ;  the  narrow  posterior  border  is  smooth- 
ly rounded. 

Premaxillary  Foramen. — This  opening  is  small,  but  not  so  small 
BsinTamistomaschlegelii:  it  is  irregularly  elongate  in  outline,  resembUng 
that  of  T.  calaritanus. 

Palatine  FENESTRiE. — The  borders  of  the  palatine  fenestrse  are 
incompletely  preserved.  They  extend  as  far  forward  as  the  anterior 
edges  of  the  eleventh  maxillary  teeth. 


The  Bones  in  Detail 

Premaxillaries. — The  prcmaxillaries  do  not  extend  as  far  back  on 
the  surface  of  the  skull  as  in  the  recent  Tmnistonia,  They  extend  as  far 
back  as  the  level  of  the  third  maxillary  teeth  on  the  superior  surface  and 
slightly  farther  back  on  the  palate.  They  are  longer  in  proportion  to  the 
length  of  the  maxillaries  than  in  T,  schlegelii  when  measured  along  the 
sides  of  the  snout;  their  posterior  processes  are  shorter  than  in  the  latter 
species.  Along  the  median  line  the  two  premaxillaries  have  a  contact 
with  each  other,  which  is  proportionally  less  than  one-half  the  length  of 
the  same  contact  in  the  Uving  Toniistoma,  The  premaxillo-nasal  suture 
1*^  nearly  four  times  as  long  as  in  T,  schlegelii, 

VjAch  premaxillar>'  contains  five  teeth,  differing  in  this  respect  from 
T.  schlegelii  and  T,  gainalaides  and  agreeing  with  T,  africanunty  T. 
calaritanuSy  and  probably  G.  eggenburgense.  None  of  these  teeth  are 
especially  weak,  though  the  second  is  the  smallest,  the  first  and  fifth 
next  in  size,  and  the  third  and  fourth  largest.  The  full  development  of 
the  second  premaxillary  tooth  is  a  primitive  charact^er.  All  of  these  teeth 
are  much  larger  than  the  premaxillary  teeth  of  the  existing  species,  and 
they  are  spaced  somewhat  differently.  The  first  and  second  are  rather 
far  apart,  and  there  is  no  prominent  excavation  posterior  to  the  first  for 
reception  of  the  first  mandil)ular  tooth  as  in  the  modern  species.  (In  one 
of  the  specimens  in  the  collection  of  the  Florida  Geological  Survey,  Fla. 
(lecl.  Sur\'.  No.  6158,  there  is  a  somewhat  more  prominent  excavation, 
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according  to  SellardsO;  the  second  is  close  to  the  third,  which  is  the 
homologue  of  the  second  of  T.  schlegelii;  the  third  is  widely  spaced  from 
the  fourth,  corresponding  to  the  wide  spacing  of  the  second  and  third  of 
the  modern  Tomistoma;  the  fourth  and  fifth  are  relatively  close  together, 
contrasting  with  the  wide  spacing  between  the  third  and  fourth  teeth  in 
the  existing  species  of  Tomiaioma, 

The  suture  of  the  premaxillaries  with  the  maxillaries  on  the  palate  is 
shaped  quite  differently  from  the  same  sutiu-e  in  T.  schlegelii  and  re- 
sembles more  that  of  T.  gam'aloides  and  G.  eggenburgense.  In  the  living 
Tomistoma  the  suture  is  W-shaped,  with  the  central  point  of  the  W 
directed  forward;  in  T.  calaritanujt  it  is  irregularly  W-shaped  in  the 
reverse  direction;  in  T.  gatnaloides  it  is  a  simple  acute  V,  directed  back- 
ward; in  G,  eggenburgense  it  is  a  modified  W,  with  the  center  of  the  W 
directed  backward,  complicated  by  a  slight  indentation  at  the  median 
line,  and  with  the  internal  bars  of  the  W  much  greater  than  the  external, 
so  that  the  suture  is  nearly  V-shaped.  In  the  Florida  species  the  suture 
extends  sUghtly  inward  from  the  lateral  border  of  the  skull,  then  almost 
directly  backward  to  a  point  opposite  the  space  between  the  first  and 
second  maxillary  teeth,  then  more  nearly  inward  a  very  short  distance, 
then  almost  directly  backward  but  very  sUghtly  inward  to  the  median 
Une  at  a  point  slightly  anterior  to  the  third  maxillary  teeth,  and  thence 
in  reverse  direction  to  the  external  border  of  the  skull  on  the  opposite 
side. 

Maxillaries. — The  maxillary  bones  are  of  about  the  same  length 
as  in  T,  schlegelii.  The  maxillo-nasal  sutures  are  similar  in  shape  to  those 
of  the  latter  species,  but  are  much  longer  proportionally.  The  form  of 
the  maxillo-lacrymal  suture  is  not  discernible  at  the  contact  with  the 
nasals;  the  lower  pait  of  the  suture  is  not  characteristic  in  form;  the 
same  is  tnie  of  the  maxiUo-jiigal  suture. 

On  the  palate  the  maxillaries  are  very  short  along  the  median  line; 
this  is  due  to  the  considerai>le  posterior  extension  of  the  premaxillaries 
and  the  anterior  extension  of  the  palatines.  The  sutures  of  the  palatines 
extend  forward  in  a  sharp  V,  which  roaches  the  median  line  slightly 
posterior  to  the  level  of  the  eighth  maxillarj^  t^th.  The  sutures  with 
the  ectopter\'goids  are  situated  at  the  level  of  the  thirteenth  maxillary 
t^eth  on  the  borders  of  the  palatine  fenestra^,  then  turn  sharply  back- 
ward to  points  sUghtly  posterior  to  the  fourteenth  maxillary  teeth,  then 
turn  outward  and  backward  to  the  external  border  of  the  ekull. 


^E.  H.  Sellards.  1915.     A  New  Gavial  from  the  Late  Tertiary  of  Forida.     Amer.  Jounu  Sci.,  (4) 
XL,  pp.  135-138,  2  figa. 
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The  teeth  of  the  maxillaries,  like  those  of  the  premaxillaries,  are  very 
large;  they  are  much  larger  than  the  teeth  of  any  species  of  Tomisioma, 
except  perhaps  T.  keninense  Andrews,  and  resemble  the  teeth  of  G. 
cggenburgense.  The  first  three  teeth  are  about  uniform  in  size  and  the 
fourth  is  smaller;  the  fifth  is  very  large  and  the  sixth  is  only  slightly 
smaller  than  the  fifth;  the  teeth  posterior  to  the  sixth  are  all  large.  So 
far  as  they  are  preser\'ed,  all  of  these  teeth  appear  to  be  relatively  short 
vertically,  circular  or  elliptical  in  outline  at  the  base,  keeled  very  slightly 
on  their  edges  in  some  cases;  on  a  few  teeth  there  are  faint  striations. 
They  are  not  so  sharp  as  the  teeth  of  the  modern  species. 

Nasals. — The  nasals  in  tliis  species  are  much  longer  than  in  the 
living  Tomisioma;  thej'  extend  to  within  a  comparatively  short  di.^tance 
from  the  narial  aperture,  as  in  T.  calanfnnus  and  G.  eggenburgense.  They 
resemble  the  nasal?:  of  the  latter  species  and  differ  from  those  of  T. 
calaritanus  in  that  they  do  not  extend  as  far  forward  as  the  premaxillo- 
maxillary  sutures  at  the  lateral  borders  of  the  skull;  the  anterior  tips  are 
<5liglitly  anterior  in  position  to  the  level  of  the  first  maxillary  teeth.  The 
anterior  portions  of  the  nasals,  between  the  premaxillaries,  widen  rapidly 
in  the  posterior  direction;  the  larger  portions,  between  the  maxillaries, 
i*iden  very  gradually,  much  more  so  than  in  T.  schlegelii.  The  greatest 
breadth  of  the  nasals  is  at  the  level  of  the  eleventh  maxillary  teeth;  the 
breadth  is  about  the  same  as  in  the  recent  form.  The  sutiu-es  with  the 
lacrymals  and  maxillaries  are  evidently  longer  than  in  the  modern  Tami- 
Htottw,  The  naso-lacrymal  sutures  are  not  wholly  preserved;  from  the 
parts  which  are  preserved  they  do  not  appear  to  be  characteristic  in  out- 
line. The  sutures  with  the  prefrontals  are  shorter  and  much  simpler 
than  in  the  recent  Toniistotnaj  consisting  of  obliquely  placed  straight 
lines.  The  contact  with  the  frontal  is  also  very  short;  the  processes  of 
the  nasals,  which  wedge  in  between  the  prefrontals  and  frontal,  are 
<short  and  broad. 

Prefronials. — The  prefrontals  are  relatively  small  in  size;  they 
Iiave  no  anterior  proc^Jsses  wedging  in  between  posterior  processes  of  the 
nasals  as  in  the  living  Tomisioma. 

liACRYMALs. — The  Complete  outlines  of  the  lacrymal  bones  are  not 
fully  determinable,  owing  to  incomplete  preservation.  It  is  clear,  how- 
ever, that  they  are  relatively  large  and  that  they  are  broader  than  in  the 
modern  species. 

JuGALS. — The  jugals  are  only  partly  preserved,  the  posterior  por- 
tions l)eing  missing.  They  are  rather  broad  and  are  short  antero- 
posteriorly.  The  sutures  with  the  lacrymals  are  only  one-half  as  long  as 
in  T.  ttchlegelii. 
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Frontal. — The  frontal  bone  is  characteristic  in  outline.  Its  an- 
terior process  is  about  as  long  as  in  tlie  modern  form  but  is  much  broader 
and  more  blunt,  wedging  the  nasals  farther  apart  at  their  posterior  ends. 
The  interorbital  and  cranial  portions  of  the  frontal  are  also  broad.  The 
frontal  bone  resembles  that  of  G,  eggenhurgense  in  form.  ^ 

PosTORBiTALs. — Thcse  bones  are  large  in  size.  Their  longitudinal 
and  transverse  diameters,  also  their  vertical  thicknesses,  are  consider- 
ably greater  than  in  T,  schlegelii.  Their  inferior  processes  are  also  very- 
stout,  but  this  may  be  partly  due  to  a  slight  flattening  of  the  skull. 

Squamosals. — The  squamosal  bones  are  characterized  by  their 
relatively  small  size.  Thev  are  about  equal  in  surface  area  to  the  post- 
orbitals;  in  most  crocodilians,  including  the  modern  Tomistoma,  the 
squamosals  are  larger  than  the  postorbitals. 

Parietal. — This  bone  is  broader  than  in  T.  schlegelii  but  occupies  a 
smaller  area  of  the  skull-top  because  of  the  large  size  of  the  supratemporal 
fenestra*.  The  entire  posterior  border  of  the  superior  surface  of  the  skull 
between  the  squamosals,  which  is  greater  than  in  the  recent  Tomistama, 
is  composed  entirely  of  the  parietal,  the  supraoccipital  being  entirely 
excluded.  There  is  no  median  posterior  notch  euch  as  that  which  char- 
acterizes T.  schlegelii, 

Supraoccipital. — The  supraoccipital  bone  is  broad  and  is  deep 
vertically;  it  evidently  extended  downward  nearly  to  the  foramen 
magnum.    It  i.«  entirely  confined  to  the  posterior  surface  of  the  skull. 

Palatines. — The  anterior  processes  of  the  palatines  only  are  pre- 
served. They  differ  from  the  palatines  of  the  modern  Tomistoma  in 
extending  forward  as  in  the  true  croeochlcs,  instead  of  ending  abruptly 
at  or  near  the  anterior  end  of  the  palatine  fenestrse. 

Ectopterygoids. — The  right  ectopterygoid  is  nearly  complete  in 
No.  5663;  its  chief  characteristic  is  a  great  thickness  of  the  neck  of  the 
vertical  process. 

]Mandible 

The  mandible  is  known  from  a  considerable  amount  of  material  in 
the  collection  of  the  Florida  Geological  Survey.  In  the  .\merican  Mu- 
semn  collections  No.  5662  contains  the  anterior  portion  of  the  mandible 
of  a  large  individual.  In  this  specimen  the  teeth  are  large  and  distant 
from  each  other,  as  in  the  maxillar}'  and  premaxillary .  The  first  mandibu- 
lar teeth  are  large  and  spaced  a  considerable  distance  from  each  other; 
the  second  teeth  are  large  and  are  distant  from  the  first;  the  first  and 
second  teeth  are  bent  out  sharply  from  the  borders  of  the  jaw;  this  is 
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correlated  ^ith  the  absence  of  deeply  excavated  pits  in  the  premaxillaries 
to  receive  the  first  mandibular  teeth.  The  third  teeth  are  relatively 
smaU  and  are  moderately  distant  from  the  second  in  one  direction  and  the 
fourth  in  the  other;  the  fourth  teeth  (as  judged  from  the  alveoli)  are 
large.  The  teeth  from  the  fifth  to  the  ninth,  inclusive,  are  all  large  and 
far  apart.  From  the  tenth  back  they  are  all  large  and  close  together. 
The  number  of  teeth  in  the  mandible  cannot  be  determined  from  this 
specimen;  the  latter  has  the  sixteenth  tooth  preserved  on  the  right  side, 
with  the  alveolus  of  another  posterior  to  it;  the  number  of  mandibular 
teeth  must  therefore  have  been  at  least  seventeen.  Sellards  estimates 
the  number  to  l)e  seventeen  or  eighteen,  basing  the  determination  not 
on  a  single  complete  specimen  but  by  comparison  of  a  number  of  in- 
complete ones. 

The  symphysis  extends  to  the  twelfth  teeth,  contrasting  with  the 
condition  in  T.  schleqelii,  in  which  it  extends  to  the  fifteenth,  and  with 
r.  africanwt,  in  which  it  extends  equally  as  far.  The  mandible  is  slender, 
with  nearly  parallel  sides  as  far  back  as  the  tenth  teeth;  from  this  point 
it  expands  rapidly  to' the  posterior  end  of  the  specimen.  The  splenial 
bones  extend  into  the  symphysis  as  far  forward  as  the  space  between  the 
seventh  and  eighth  teeth;  they  occupy  a  little  over  one-third  of  the 
length  of  the  symphysis. 

Kemakks 

This  s[)ecie8  resembles  other  tomLstomoid  species  in  many  respects 
and  differs  in  others.  The  greatest  resemblance  is  with  the  species  from 
the  Miocene  beds  of  Austria,  descril»ed  by  Toula  and  Kail  under  the 
name  of  Oanalosuchus  eggenburgense  and  later  referred  by  Lydekker  to 
Tofftistonm,  In  some  characters,  however,  the  Florida  species  difi'ers 
ironi  the  latter  anil  resembles  typical  species  of  Tomistoma  more  closely. 
The  resemblances  and  differences  between  the  Florida  species  and  the 
other  species  are  indicated  in  the  accompanying  table. 

Whether  or  not  the  Florida  species  is  to  V)c  referred  to  Tatnistotna  is 
a  difficult  problem.  Analysis  of  the  table  and  comparison  of  the  charac- 
ters lead  to  the  conclusion  that  the  species  should  be  referred  to  Garialo- 
a^ichus  Toula  and  Kail,  which  genus  is  closely  related  to  Tomistoma  but 
i>  not  identical  with  it.  (Tavialosur.hus  presents  characters  which  are  in 
.<»onie  respects  intermediate  between  Toniistorna  and  CrocodiluJi;  in  the 
totality  of  characters,  of  course,  the  resemblance  to  Tomistoma  is  the 
greater.  Gavialo8uch\M  may  l)e  considered  a.s  a  more  primitive  genus 
than  Tomistoma, 
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The  skull  of  the  genus  GavialoHUchu^  differs  from  that  of  Tomislama 
in  being  more  robust  throughout;  it  Is  broader  in  proportion  to  its  length; 
the  teeth  are  fewer  in  number  and  more  widel}''  spaced;  the  premaxillo- 
maxillar>'  suture  on  the  palate  is  more  or  less  V-shaped,  instead  of  W- 
shaped  as  in  most  species  of  Timiistorfta;  the  maxillo-palatine  suture  is 
more  elonji;ate:  the  cranial  table  is  larger,  especially  broader;  the 
supratemporal  fenestrse  are  larger,  more  oblique  in  position,  and  closer 
together;  the  vertical  depth  of  the  skull  is  not  so  great;  the  expansion 
of  the  snout  is  relatively  more  abrupt;  the  number  of  preniaxillaiy 
teeth  is  five,  instead  of  the  four  which  is  typical  of  Tomisloma;  the  pre- 
maxilla  i?  cxcjivat^d  much  less  for  the  rece})tion  of  the  first  mandibular 
teeth;  the  t^eth  are  not  set  in  cylinder-like  processes  of  the  jaws,  with 
deep  depressions  between  them.  Some  specie*^  of  Tomristoma  approach  a 
few  of  these  characters  ver>'  (*losely. 

The  species  (rWHalosuchuff  americavo  fSellards)  differs  from  G, 
eggenhurgense  Toula  and  Kail,  in  the  followin^^.  characters:  the  snout 
expands  abruptly  at  the  fifth  maxillarj'^  teeth;  the  postorbital  bones  are 
unusually  large:  the  cranial  table  is  very*  broad:  the  sides  of  the  cranial 
table  are  parallel;  the  premaxillo-maxillarv^  suture  on  the  palate  extends 
back  to  the  level  of  the  third  maxillary  teeth:  the  maxillo-palatine  suture 
is  decidedly  elongate;  Ihe  fifth  maxillary  teeth  are  considerably  lai^er 
than  the  fourth.  Of  the  two  species,  G,  americana  is  evidently  the  more 
primitive. 


Mkasihkmexts 

Amer.  Mus.  No.  5663 

Length  of  Skull,  Extremities  of  Squamosals  to  Tip  of  Snout  90.0  cm. 

Length  of  Skull,  Median  Line  86.0 

Breadth  Acro.ss  Kxtremties  of  Squamosals  22.0 

Breadth  of  Cranial  Table  21.3 

Length  of  Cranial  Table  14.0 

Breadth  Across  the  Suprat^jmporal  Fenestnr  15.5 

Breadth  Between  Supratemporal  Fenestra*  1.5 

Breadth  Across  Jugals,  Estimated  33.3 

Breadth  Actoss  Orl>it'<  20.5 

Breadth  Between  Orbits  5.2 
Length  of  Posterior  Border  of  Skull  to  Anterior  End  of  Anterior  Process 

of  PVontal,  Along  Median  Line  24.7 

Total  Length  of  Nasal  Bone  46.2 

Total  Length  of  Premaxillaries,  Superior  Surface  of  Skull  29.8 

Median  Length  of  Premaxillaries,  Superior  Surface  of  Skull  10.8 

Breadth  of  Snout  Across  Narial  Opening  10.0 


1921]                     Mook,  Skull  Charsuiera  of  an  Extinct  Fhrida  Gaivial  41 

Breadth  of  Snout  Across  Notch   at   Premaxillo-maxillary   Suture   on 

Lateral  Surfaces  7.8cm. 

Breadth  of  Snout  Across  First  Maxillary  Teeth  10.5 

Breadth  of  Snout  Across  Fifth  Maxillary  Teeth  13.6 

Breadth  of  Snout  Across  Ninth  Maxillary  Teeth  17.0 

Breadth  of  Snout  Across  Fourteenth  Maxillary  Teeth  25.0 

Length  of  Dental  Series  of  Maxillary,  Right  Side  47.3 

Vertical  Height  of  Skull,  Lower  Ends  of  Ectoptery goids  to  Cranial  Table  17.2 

Length  of  Premaxillaries  on  Palate  30.0 

Length  of  Maxillaries  Along  Median  Line  on  Palate  21.5 

Diameter  of  Alveolus  of  Fifth  Maxillary  Tooth  3.2 

Amer.  Mus.  No.  5662 

Length  of  Portion  of  Skull  Preserved  (About  to  Last  Maxillary  Teelh)  72.0 

Breadth  of  Snout  Opposite  Narial  Opening  11.6 

Breadth  of  Snout  Across  Fifth  Maxillary  Teeth  14.2 
Length  of  Portion  of  Mandibles  Preserved  (to  Alveolus  of  Seventeenth 

tooth)  71.3 

Length  of  S3rmphysip  51.2 

Splenial  Portion  of  Symphysis  17.5 

Breadth  of  Mandibles  at  Ninth  Teeth  10.1 


Plate  V 

Skull  of  Gavialosuchm  americana  (Sellards) 
Amer.  Mus.  No  5663   « 
One-tenth  natural  size  1 

A.  Lateral  view,  left  side 

B.  Inferior  view 

C.  Superior  view 


Plate  VI 

Skull  and  Jaws  of  Gavialoauchus  stmericana  (Sellards) 

Amer.  Mus.  No.  5662 

One-fourth  natural  size 

Superior  view 


Platk  VII 

Skull  of  GavialoHuchus  americtina  (SellarcU) 

Amcr.  Mus.  No.  5662 

Onc-foiirth  natural  hIzp 

Inferior  view 


Plate  VI II 

Jaws  of  Gavialosuchuji  americana  (SeWnrdy) 
Amer.  Mus.  No.  5662 
One-fourth  natural  size 
Superior  view 


I 


Plate  IX 

Snout  of  Oavialosuchus  americatui  (iSellartU) 
r.  8.  Nat.  MuR.  No.  8816,  tj'pe  specimen 
One-third  natural  size 
.1.     SuiKTior  view 
li.    Inferior  view 


56.81,4:14.71,5 

Article  YI.—BRACHYGNATHOSUCHUS  BRAZILIENSIS,  A  NEW 
FOSSIL  CROCODILIAN  FROM  BRAZIL^ 

By  Charles  C.  Mook 

The  bones  which  comprise  the  type  material  of  the  broad-jawed 
genus  herein  proposed,  Brachygnaihosuchus,  were  collected  in  the  Upper 
Funis  River,  in  western  Brazil.  They  were  found  in  silt  in  the  river  bed, 
and  not  in  rock  in  place.  The  geological  age  of  the  material  is  therefore 
unknown.  Associated  with  these  bones  in  the  collection,  which  is  the 
property  of  Mr.  S.  H.  Roper  and  is  on  deposit  in  The  American  Museum 
of  Natural  History,  was  a  tooth  of  Megamys  (?)  and  a  humerus  of  a 
megalonychine  ground-sloth,  which  are  stated  by  Dr.  Matthew  to  sug- 
gest Pliocene  age.  There  is  a  reasonable  possibility,  therefore,  that  the 
crocodilian  remains  may  also  be  Pliocene.  The  crocodilian  remains 
consist  of  a  portion  of  the  right  ramus  of  a  lower  jaw,  two  vertebral 
centra  and  another  worn  bone  provisionally  identified  as  a  vertebral 
centrum,  and  a  worn,  flat  bone  provisionaUy  identified  as  an  eroded 
dennal  plate. 

The  jaw  fragment  consists  of  a  portion  of  the  dentary  bone  only. 
It  differs  considerably  from  that  of  any  other  known  crocodilian,  and  in 
^me  respects  resembles,  superficially  at  least,  that  of  a  dinosaur.  In 
the  totality  of  its  characters,  however,  it  is  nearer  the  typical  crocodilian 
jaw  than  any  other,  and  is  therefore  referred  to  the  Crocodilia. 

The  bone  is  large  and  massive,  surpassing  any  other  known  croco- 
dilian jaw  in  this  respect.  Eight  complete  alveoli  are  preserv^cd,  and 
borders  of  two  more  are  indicated.  The  complete  alveolus  which  lies 
nearest  the  anterior  end  contains  the  tubular  root  of  a  large  tooth.  This 
alve(»lu.s  is.  smaller  than  the  second  complete  one,  which  is  huge  in  size. 
Posterior  to  the  second  the  alveoli  exhibit  a  progressive  decrease  in  size; 
the  alveoli  themselves  are  round  and  are  close  together.  The  vertical 
diameter  of  the  bone  is  much  greater,  and  the  transverse  diameter  is 
slightly  greater  at  the  anterior  end  of  the  bone  than  at  the  posterior. 
The  dental  series  is  close  to  the  external  border  of  the  superior  surface 
Jit  the  anterior  end  and  rather  near  the  internal  border  at  the  posterior 
^nd.  This  suggests  that  the  dental  series  did  not  extend  much  farther 
i)ack. 
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The  anterior  end  of  the  jaw  is  not  preserved,  and  the  symph3nsis  is 
lacking,  but  an  expansion  on  the  inferior  border  of  the  anterior  end  of  the 
part  of  the  bone  preserved  indicates  that  tliis  is  at  or  near  .the  posterior 
end  of  the  syniphybis.  The  superior  surface,  ])oth  internal  and  external 
to  the  alveoH,  is  extensively  iritted.  External  to  the  alveoli  the  pits  ex- 
tend down  over  the  surface. 

The  bone  differs  from  the  dentaries  of  other  Recent  and  fcMHil 
crocodiles  in  tliat  the  largest  tooth  is  posterior  to  the  symphysis  (the 
missing  teeth  could  hardly  liave  been  larger  than  that  of  the  second  com- 
plete alveolus  of  lh(»  specimen).  In  typical  crocodiles  and  alligaton  the 
teeth  increat-e  gradually  in  jj=ize  from  the  posteiior  direction  as  far  for- 
ward as  the  fourth,  which  are  never  posterior  to  the  symphysis.  He 
specimen  here  described  micht  be  interpreted,  of  course,  as  having  had 
the  symphysis  extending  l>ack  only  as  far  as  the  level  of  the  second  or 
third  teeth.  In  any  case,  there  was  a  pair  of  ver\'^  large  teeth  slightly 
posterior  to  the  symphysis;  this  is  a  departure  from  the  normal  croco^ 
dilian  structure.  The  groove  which  lodged  the  anterior  end  of  the  splenial 
is  deep. 

The  larger  and  better  preserved  of  the  two  vertebral  centra  re- 
sembles the  centra  of  the  lumbar  region  of  the  modern  procoelous  croco- 
diles in  most  respects.  Hie  anterior  concavity  is  moderately  deep  and  the 
posterior  convexity  is  strongly  roiuided.  The  pedi  les  which  supported 
the  neural  arch  are  rather  high,  and  are  situated  nearer  the  concave  than 
the  convex  end  of  the  centrum.  The  latter  differs  from  the  nomuJ 
crocodilian  centrum  in  that  its  vertical  diameter  is  greater  than  its 
transverse,  resembling,  in  this  respect,  the  typical  centra  of  the  dino-' 
saurs.  The  inferior  surface  of  the  c(»ntrum  is  partly  bioken  away,  re- 
vealing an  interior  mass  of  coarsely  spong>'  bone. 

The  other  vertebra  is  fragmentary;  it  is  broader  than  the  one 
described  bove;  one  end  of  it  is  concave,  otherwise  its  characters  are  not 
clearly  determinal)le.    It  is  clearly  a  vertebral  centnmi,  however. 

The  bone  mentioned  above  as  provisionally  identified  as  a  vertebral 
centrum  is  ver}'  poorly  preserved.  It  is  longer  than  the  two  centra 
described  above,  otherwise  its  dimensions  are  similar.  One  end  is  veiy 
convexlv  rounded  and  is  very  smooth.  The  contacts  of  this  rounded  end 
with  the  other  surfaces  of  the  bone  are  largely  eroded,  but  evidently 
they  were  shaip.  The  end  of  the  bone  opposite  the  convex  one  is  not 
preserved.  The  surfaces  between  the  two  ends  are  partially  preserved. 
They  are  composed  of  longitudinally  striated  bone;  three  sides  are 
rounded  and  smooth;   the  other  side  is  eroded  deeply  near  the  convex 
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end,  but  is  somewhat  elevated  near  the  opposite  end.  If  the  bone  is 
considered  as  a  caudal  centrum,  the  convex  end  would  be  the  posterior 
end  and  the  destroyed  end  the  anterior  end  of  the  centrum.  The  elevated 
portion  of  the  poorly  preserved  surface  between  the  two  ends  would 
then  be  the  base  of  the  neural  arch.  The  central  portion  of  the  centrum 
would  then  be  considerably  higher  than  broad,  but  the  posterior  end 
would  be  about  equal  in  vertical  and  transverse  diameters.  Owing  to 
the  poor  preservation  of  the  bone,  however,  it  is  not  possible  to  identify 
it  positively. 

Another  bone  in  the  collection  which  appears  to  belong  with  the 
remains  described  above  is  a  flat  soUd  bone,  which  is  nearly  straight  on 
one  side,  the  opposite  being  convexly  curved;  one  end  is  straie^ht  and 
flat,  and  is  perpendicular  to  the  flat  side;  tlie  other  end  is  more  nearly 
acuminate;  the  thickness  is  greater  near  the  straight  border  than  neai* 
the  cmTed,  and  near  the  broad  end  than  near  the  pointed  end;  one 
surface  of  the  bone  is  very  sUghtly  concave,  part  of  it  in  fact  being  flat, 
and  the  other  convex.  This  bone  is  evidently  a  dennal  scute  that  has 
been  water-worn  and  has  had  its  oric;inal  rough  surface  destro3''ed. 


Measurements 

Portion  of  Right  Mandible  Preserved,  Length  .341 M. 

Portion  of  Right  Mandible  Preserved,  Height  .186. 

Portion  of  Right  Mandible  Preserved,  Breadth,  Minimum  .097 

Seven  Alveoli  of  Same,  Total  Length  .230 

Length  of  First  Complete  Alveolus  .035 

Breadth  of  First  Complete  Alveolus  .031  (est.) 

Length  of  Second  Simple  Alveolus  .048 

Breadth  of  Second  Complete  Alveolus  .046 

Depth  of  Second  Complete  Alveolus  .110 

Length  of  Eighth  Complete  Alveolus  .021 

Breadth  of  Eighth  Complete  Alveolus  .018 

Most  complete  Vertebral  Centrum,  Length  .130 

The  Same,  Breadth,  Anterior  End  .084 

The  Same,  Breadth  Posterior  End  .081 

The  Same,  Breadth,  Center  .065 

The  Same,  Height,  Total  .122 

Fragmentary  Vertebral  Centrum,  Length  of  Part  Preserved  .101 

Bone  Provisionally  Identified  as  a  Vertebral  Centrum,  Length  .130 

Dermal  Scute,  Length  .081 

The  sam^.  Breadth  .047 

The  name  Brachygnathosuchus  is  proposed,  in  reference  to  the  short, 
stout  character  of  the  mandible. 
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Type  Species-  Brachygnatkosy^^hus  brazilicnsis. 

Summary  of  Generic  Characters. — Mandible  exceedinprly  short 
and  broad;  alveoli  crostdng  rapidly  from  the  external  portion  of  the 
superior  surface  of  the  dentary  near  the  anterior  end  to  the  internal 
portion  of  thi.^  surface  slightly  farther  back;  a  veiy  large  tooth  in  the 
dentary  slightly  posterior  to  the  symphysis;  vertical  depth  of  the 
anterior  end  of  the  dentaiy  very  great. 

The  name  brasiliensis  is  proposed  for  the  species  in  reference  to  its 
general  locality. 

Type. — A  [»ortion  of  a  right  dentary,  two  vertebral  centra,  and  two 
more  or  less  problematical  bones,  pro\'Lsionally  identified  as  a  vertebral 
centrum  and  a  dermal  scute.  Property  of  Mr.  S.  H.  Roper,  on  deposit  in 
The  American  Maseum  of  Natural  History. 

Summary  of  Specific  Characters. — Size  very  great;  steady  de- 
rre&ise  in  the  size  of  the  teeth  from  the  large  postsymphysial  tooth  back- 
ward.    •• 
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.—INDIVIDUAL   AND   AGE  VARIATIONS   IN   THE 
SKULLS  OF  RECENT  CROCODILIAN 

By  Charles  C.  Mook 

Plates  X  to  XII 

In  studying  a  collection  of  Pleistocene  crocodiles  from  Cuba,  con- 
siderable  difficulty  in  the  determination  of  species  was  encountered, 
through  the  wide  range  in  some  characters  of  the  skulls,  coupled  with 
close  similarities  in  other  characters.    It  was  first  thought  that  many  of 
the  differences  were  of  specific  value,  but  closer  study  has  suggested 
that  they  are  due  rather  to  individual  variation  or  age  variation  or,  more 
probably,  both.    In  order  to  determine  the  value  of  variations  of  this 
sort  the  writer  has  studied  a  large  series  of  Recent  crocodilian  skulls. 
The  material  available  included  an  extensive  collection  in  The  American 
^luseum  of  Natural  History;  another  large  collection,  particularly  rich 
in  the  less  common  species,  in  the  Museum  of  Comparative  Zoology, 
made  available  for  study  by  Dr.  Thomas  Barbour;  and  several  skulls  of 
South  American  crocodiles  belonging  to  the  collections  of  the  Museum  of 
the  University  of  Michigan,  loaned  by  Dr.  A.  G.  Ruthven.   The  material 
consisted  of  the  following  skulk:    Crocodilus  americanus,  a  large  series, 
ran|2;ing  from  6.3  cm.  to  73.5  cm.  in  length;  a  series  of  skulls  of  Alligator 
mississipjnenstB  ranging  from  3.7  cm.  to  49.0  cm.  in  length;  and  a  series 
of  skulls  of  Caiman  sderops  ranging  from  12.7  cm.  to  23.5  cm.;   also 
several  individuals  each  of  Tomistoma  schlegelii  and  Crocodilus  porosiLS, 
In  this  study  an  attempt  was  made  to  separate  age  variations  from 
those  which  are  entirely  individual;    this  was  difficult,  owing  to  the 
intergradation  of  the  two  types  of  characters.    The  results  may  be  only 
approximate,  but  they  do  indicate  the  trend  of  variation  among  different 
individuals  of  the  same  age  and  of  variations  depending  upon  the  age  of 
the  individuals. 

Age  Characters 

The  age  characters  have  been  determined  by  comparison  of  series 
of  individuals  of  various  sizes  in  a  number  of  species.  Many  of  them  are 
the  same  in  all  of  the  species  studied;  others  are  peculiar  to  certain 
species;  the  application  of  the  latter  sort  is  of  course  much  more  limited 
than  the  former. 
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1.  Proportional  Relations  of  Length  to  Breadth. — The  rela- 
tive proportions  of  length  to  breadth  vary  considerably  with  age,  also 
to  a  certain  extent  among  individuals  of  the  same  age. 

In  a  large  scries  of  individuals  the  measurements  and  ratios  of 
breadth  over  length  are  as  follows: 


Mus.Como.Zooi.  No.  13101 

kull  of  a  very  younc  alligator 
Twice  natural  sise.    liateraf  view,  left  aide. 


Fig.l.     Skull  of  a  very  younc  alligator  (AUttrotormtatiMttppienm).    Mua.  Comp.  Zool.  No.  13101. 


Mu8.  Comp. 
Mu8.  Comp. 
Mu8.  Comp. 
Amer.  Mus. 
Mus.  Comp. 
Amer.  Mus. 
Amer.  Mus. 
Amer.  Mus. 
Amer.  Mus. 
Mus.  Comp. 
Mus.  Comp. 
Mus.  Comp. 
Amer.  Mus. 


Zool.  No.  5002 
Zool.  No.  5008 
Zool.  No.  5007 
No.  15182 
Zool.  No.  5032 
No.  15175 
No.  7120 
No.  7132 
No.  7121 
Zool.  No.  5391 
Zool.  No.  10921 
Zool.  No.  13104 
No.  7139 


Crocodilus^  americanv^ 

Length, 

Supraoccipital 

to  Snout 

6.3cm. 

8.8 

11.6 

19.3 

22.0 

30.8 

37.9 

39.5 

40.3 

45.5 

49.1 

57.0 

73 . 5 


Breadth, 

Across  Quad- 

ratojugals 

2 .  7cm. 

3.9 

5.0 

8.4 
10.2 
14.9 
19.35 
18.3 
20.0 
22  9 
29.2 
33  4 
36.8 


Ratio 

.428 
.443 
.431 
.430 
.463 
.483 
.510 
.462 
.496 
.503 
.594 
.585 
.500 


MuK.  Comp.  Zool.  No.  5082 
Amer.  Mus.  No.  5239 
Mus.  Univ.  Mich.  No.  53113 
Mus.  Univ.  Mich.  No.  53112 
Mus.  Comp.  Zool.  No.  5031 
Amer.  Mus.  No.  15184 
Amer.  Mus.  No.  1518.*^ 


Caiman  sclerops 

12.55 

13  35 

14.9 

17.8 

18.75 

19.6 

24  8 


7.4 
8.2 
8.5 
10.0 
10.95 
12.4 
16.2 


.589 
.614 
.570 
.561 
.584 
.632 
.653 
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Mus.  Comp. 
Mus.Comp. 
Amer.  Mub. 
Amer.  Mus. 
Mu8.  Comp. 
.\iDer.  Mus. 
.\iDer.  Mus. 
.\iDer.  Mus. 
.\iner.  Mus. 


Zool.  No.  13101 
Zool.  No.  13102 
No.  2321 
No.  2320 
Zool.  No.  13103 
No.  12752 
No.  7130 
No.  15178 
No.  15181 


misinsnppienets 

Length, 

Breadth, 

Supraoccipital 

Across  Quad- 

Ratic 

to  Snout 

rato  jugals 

3.53cm. 

1.98cm. 

.500 

3.95 

2.13 

.539 

5.3 

2.75 

.518 

5.7 

3.02 

.529 

9.65 

4.80(e8t.) 

.496 

19.35 

9.80 

.506 

32.9 

18.1 

.550 

33.9 

18.6(est.) 

.548 

48.8 

25.0 

.512 

This  indicates  that  in  Crocodilus  americanus  and  Caiman  sderops 
there  is  a  marked,  though  irregular,  broadening  of  the  skull  with  age. 
In  AUigator  mississippiensis  there  is  only  slight  change  from  young  to 
old,  a  slight  narrowing  being  noticeable  in  the  older  specimens. 

These  comments  are  based  upon  the  relations  of  the  length  to  the 
breadth  across  the  quadrato-jugals.  If  the  breadth  were  taken  across  the 
snout,  at  the  expansion  near  the  fourth  or  fifth  maxillar}'  t-eeth,  the  re- 
sults would  be  essentially  the  same,  though  differences  might  be  noted  in 
particular  cases. 


Amer.  Mut.  No.  7139 

f>C-2.    Skull  of  an  old  crocodile  {CrocodUut  americanu«) .    Amer.  Muh.  No.  7130.  One-tenth  nat- 
'i«J«i«.  Lateral  view,  left  side. 


2.    Proportional    Relations    of    Preorbital    and    Orbital- 

PosTORBiTAL  REGIONS. — In  all  youug  crocodilians  the  preorbital,  or 

^JAcial,  regions  are  short  compared  with  the  postorbital,  or  cranial, 

f^ons;  in  some  cases  the  facial  regions  are  actually  shorter  than  the 

tranial.     In  each  of  the  existing  species  of  crocodiles  the  preorbital 

i^on,  measured  from  the  anterior  end  of  the  orbits  to  the  tip  of  the 

•nout,  in  the  adult,  is  longer  than  the  orbital-postorbital  region,  measured 

from  the  anterior  ends  of  the  orbits  to  the  median  point  of  the  posterior 

IffmloT  of  the  cranial  table.  In  the  gavial  and  other  long-snouted  forms 
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this  relation  is  very  marked;  in  the  alligators  and  short-enouted 
caunans  and  crocodiles  it  is  much  less  notable.  The  value  of  any  given 
facio-cranial  ratio  as  an  age  character  depends,  more  or  less,  upon  the 
form  of  the  adult.  In  any  case,  the  adult  forms  have  the  facial  r^on 
longer  than  the  cranial. 

Crocodilus  americanus 


Postorbital 
Region 

Preorbital 
Region 

Po.  K. 

Pr.R, 

Mus.  Comp.  Zool.  No.  5002 

3.0cm. 

3.3cm. 

.909 

Mus.  Comp.  Zool.  No.  5008 

3.7 

5.2 

.711 

Mus.  Comp.  Zool.  No.  5007 

4.5 

7.0 

.642 

Amer.  Mus.  No.  15182 

6.5 

12.6 

.515 

Mus.  Comp.  Zool.  No.  5032 

7.2 

14.8 

.486 

Amer.  Mus.  No.  15175 

9.7 

20.8 

.466 

Amer.  Mus.  No.  7120 

11.8 

26.0 

.453 

Amer.  Mus.  No.  7132 

12.0 

27.8 

.431 

Amer.  Mus.  No.  7121 

12.2 

.      28.1 

.433 

Mus.  Comp.  Zool.  No.  5391 

12.5(e8t.) 

33.0 

.378 

Mus.  Comp.  Zool.  No.  10921 

16.5 

33.0 

.500 

Mus.  Comp.  Zool.  No.  13904 

15.5 

41.5(e8t.) 

.373 

Amer.  Mus.  No.  7139 

17.0 

53.0 

.320 

These  figures  (with  the  exception  of  Mus.  Comp.  Zool.  No.  10921, 
which  receives  comment  below)  indicate  a  very  marked  increase  in  the 
preorbital  region,  compared  with  the  orbital-postorbital  region,  dining 
the  growth  of  the  American  crocodile.  The  exception,  noted  above, 
occurs  in  a  large  specimen  originally  referred  by  Gundlach  to  C.r/MwiWfer. 
Its  departure  from  the  normal  condition  may  represent  an  extreme  of 
individual  variation,  or  perhaps  a  geographic  variation.  The  range  from 
ver^"  young  to  very  old,  in  this  character,  is  verj'^  marked,  the  cranial 
region  being  over  nine-tenths  of  the  length  of  the  snout  in  the  youngest 
specimen,  and  less  than  one-third  in  the  oldest. 


Caiman  sderops 

Postorbital 

Preorbital 

Po.  R. 

Region 

Region 

Pr.R. 

Mus.  Comp.  Zool.  No.  5082 

5.40cm. 

6.80cm. 

.794 

Amer.  Mus.  No.  5239 

5.90 

7.50 

.786 

Mus.  Univ.  Mich.  No.  53113 

6.20 

8.50 

.729 

Mus.  Univ.  Mich.  No.  53112 

7.00 

10.50 

.666 

Mus.  Comp.  Zool.  No.  5031 

7.60 

11.15 

.681 

Amer.  Mus.  No.  15184 

7.90 

11.40 

.692 

Amer.  Mus.  No.  15183 

9.45 

15.35 

.622 

'  -^. 
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In  this  species  the  relative  elongation  of  the  preorbital  region  with 
age  is  notable,  but  is  not  extreme  as  in  CrocodilxAS  americanus.  This 
may  be  partly  accounted  for  by  the  larger  size  and  greater  age  of  the 
smallest  and  youngest  specimen  compared  with  the  smallest  and  young- 
est specimen  of  C.  americanus.  This  qualification  is  not  of  great  import- 
ance, however,  as  the  progressive  elongation  of  the  snout  from  medium- 
sized  to  large  individuals  is  much  less  than  in  the  American  crocodile. 
The  largest  skull  in  this  series,  while  much  smaller  than  several  of  the 
C.  americanus  skulls,  is  not  far  from  the  maximum  size  of  the  species. 


Alligator  miseiasippiensie 


Postorbital 
Region 

Preorbital 
Region 

i'o.  K. 

Pr.  R. 

Mus.  Comp.  Zool.  No.  13101 

2.2cm. 

1.4cm. 

1.507 

Mus.  Comp.  Zool.  No.  13102 

2.3 

1.45 

1.586 

Amer.  Mus.  No.  2321 

2.8 

2.4 

1.166 

Amer.  Mus.  No.  2320 

3.05 

2.7 

1.129 

Mus.  Comp.  Zool.  No.  13103 

4.7 

5.0 

.940 

.Amer.  Mus.  No.  12752 

8.2 

11.45 

.716 

.Amer.  Mus.  No.  7130 

11.4 

21.5 

.530 

.Amer.  Mu.s.  No.  15178 

12.0 

21.7 

.552 

.Vmer.  Mus.  No.  15181 

15.1 

34.0 

.444 

In  this  species,  also,  there  is  a  progressive  increase  in  the  length  of 
the  facial  r^on,  as  compared  with  the  cranial  region,  during  growth. 

3.  Size  of  Orbits. — The  orbits  in  young  crocodiles  are  relatively 
much  larger  than  in  full-grown  ones.  This  character  is  quite  marked 
nnri  is  independent  of  variations  in  size  of  orlnts  in  different  species. 


Crocodilus  americanus 


Tx?ngth, 

Breadth, 

Ijcngth, 

Breadth, 

Ratio, 

Supraoc- 

Intcrorb- 

Right 

Right 

Length  Orbit 

cipital  to 

ital  space 

Orbit 

Orbit 

Length  Skull 

Snout 

Mu-.  Comp.  Zool.  No.  5002 

6.3cm. 

.38cm. 

1.55cm. 

1.2.5cm. 

.240 

Mil-.  C  omp.  Zool.  No.  5008 

8.8 

.50 

1 .  75 

1  40 

.198 

Mu:^.  (omp.  Zool.  No.  5007 

11  6 

.70 

2  00 

1  70 

.172 

Ariic-r.  Mu.s.  No.  15182 

19.3 

1.50 

2.80 

2  22 

145 

Mil*,  (^omp.  Zool.  No.  5032 

22.0 

1.90 

3.10 

2  50 

.140 

AnKT    Mus.  No.  15175 

30.8 

3.00 

4.7 

3  5 

.  152 

Anier.  Mil.'*.  No.  7120 

37.9 

3  60 

5  35 

4  05 

.141 

Vni*^r    Muj*.  No.  7132 

39.5 

4 .  05 

4.80 

3  50 

.  121 

\iu*T    Mu.^.  No.  7121 

40.3 

4.10 

5 .  10 

3 .  85 

126 

Arner    Mil.-*.  No.  7139 

73.5 

6 .  85 

6 .  50 

5 .  10 

.088 
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Caiman  sderops 
Length,     Breadth,   Length,  Breadth,         ^B^^^, 
Supraoc-    Interorb-     Right       Rig^t      I^gth  Orbit 
cipital  to  ital  Space     Orbit        Orbit    Length  of  Skull 
Snout 

Mus.  Comp.  Zool.  No.  5082  12.55cm.     .85cm.  3.05cm.  2.35cm.  .243 

Amer.  Mu8.  No.  5239  13.35  .995  3.20  2.60  .232 

Mus.  Univ.  Mich.  No.  53113  14.90        1.00  3.30  2.70  .221 

Mus.  Comp.  Zool.  No.  5031  18.75        1.50  3.80  3.20  .202 

Amer.  Mus.  No.  15184  19 .  60        1 .  95  3 .  80  3 .  20  .193 

Amer.  Mus.  No.  15188  24 .  80        2 .  20  4 .  40  4 .  00  .177 

Alligator  miasiaaippiensis 

Mus.  Comp.  Zool.  No.  13101      3.53  .25  1.05  1.00  .297 

Mus.  Comp.  Zool.  No.  13102      3.95  .30  1.20  1.10  .303 

Amer.  Mus.  No.  2321                 5 .  30  .35  1 .  55  1 .  30  .292 

Amer.  Mus.  No.  2320                 5.70  .40  1.70  1.35  .299 

Mus.  Comp.  Zool.  No.  13103      9.65  .70  2.50  1.80  .259 

Amer.  Mus.  No.  12752  19.35  1.60  4.35  2.85  .224 

Amer.  Mus.  No.  7130  32 . 9  2 .  70  6 .  20  4 .  20  .191 

Amer.  Mus.  No.  15178  33.9  2.50  7.10  4.15  .209 

Amer.  Mus.  No.  15181  48.8  4.55  7.80  4.70  .159 

Correlated  with  the  progressive  reduction  in  the  relative  size  of  the 
orbits  is  a  progressive  increase  in  the  relative  breadth  of  the  interorbital 
plate.  In  the  North  American  crocodile  the  orbits  do  not  change  their 
relations  of  length  to  breadth  to  any  considerable  extent  during  gro^lh. 
In  Caiman  sderops  the  breadth  of  the  orbits  increases  with  age  relatively 
faster  than  the  length.  In  the  alligator  the  orbit  becomes  relatively 
longer  with  age. 

4.  Size  and  Shape  of  the  Supratemporal  Fenestra. — The 
supratcmporal  fenestra?  are  small  and  slit-Uke  in  the  ver>'  young  stages; 
in  later  stages  they  become  rounder;  in  old  ones  they  usually  become 
small  and  nearly  circular.  The  size  of  the  fenestrse  varies  greatly  among 
the  different  genera  and  species  of  crocodiles  in  the  adult  stages.  In  the 
common  gavial  (Garialis  indicus)  these  fenestrse  are  very  large;  in  most 
crocodiles  they  are  small.  In  Carmafi  trigonatiis  they  are  absent,  evenin  a 
comparatively  young  individual.  In  Caiman  sderops  the  size  and  shape 
of  the  fenestrje  are  definitely  age  characters  and  are  important  as  such. 
The  younger  specimens  have  relatively  large  fenestras  (though  they  are 
smaller  than  those  of  the  species  of  Crocodihfs),  the  older  ones  have  verj' 
small  fenestrae,  and  in  one  old  individual  (Amer.  Mus.  No.  15183)  the 
fenestra?  are  closed  at  the  surface.    The  covering  of  the  right  fenestra 
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in  this  specimen  is  completely  ossified;  the  left  cover  is  ossified  except 
for  a  minute  area  which  is  membranous.  This  indicates  that  decrease 
in  size,  and  eventually  complete  obliteration,  of  the  supratemporal 
fenestra*  are  characters  associated  with  old  age.  In  Caiman  trigonatus 
and  C.  palpebrosiLS  the  process  of  closing  the  fenestra?  appears  to  have 
been  accelerated  to  such  a  degree  that  the  condition  produced  has  at- 
tained at  least  specific,  perhaps  even  generic,  value. 

5.  Spacing  and  Position  of  the  Supratemporal  Fenestile 
AND  Relative  Size  of  Cranial  Table. — In  baby  alligators  and  croco- 
diles the  centers  of  the  supratemporal  fenestrse  are  immediately 
posterior  to  the  centers  of  the  orbits;  the  fenestrae  themselves  are  widely 
spaced  apart.  In  older,  half-grown,  individuals  the  centers  of  the  fenes- 
tra; are  posterior  to  the  inner  portions  of  the  orbits;  in  all  the  crocodiles 
excei)t  the  caimans  the  space  between  the  fenestrai  at  this  stage  is  rel- 
atively less  than  in  very  young  individuals;  in  all  of  the  old  individuals 
studied,  except  the  caimans,  the  fenestrae  are  close  together,  their  centers 
being  posterior  to  the  inner  borders  of  the  orbits.  The  fenestra;  thus 
appear  to  migrate  inward  during  growth.  Of  course,  the  actual  method 
of  attaining  this  result  is  failure  of  growth  between  the  fenestrae  while 
growth  was  being  accomplished  rapidly  in  other  regions. 

Correlated  with  this  apparent  inward  migration  of  the  supra- 
temporal fenestrae  is  the  fact  that  the  cranial  table  is  relatively  broader 
in  young  individuals  than  in  old  ones. 


Crocodilus  americanus 


Katios, 

Breadth, 

Breadth 

Breadth  of 

Across 

of 

C.  T.  over 

Quadra  to-jugals 

Cranial 

Breadth  of 

Table 

Quadrato-jugals 

Mu«.  Comp.  Zool.  No.  5002 

2.7cm. 

2.12cm. 

.785 

Mils.  Comp.  Zool.  No.  5008 

3.9 

2.70 

692 

Mu«.  Comp.  Zool.  No.  5007 

5.0 

3  30 

.660 

Amer.  Mus.  No.  15182 

8.4 

5.00 

.  595 

Mas.  Comp.  Zool.  No.  5032 

10.2 

5  80 

.568 

Amor.  Mus.  No.  15175 

14.9 

8.40 

563 

AnMT.  MuH.  No.  7120 

19 .  35 

11.50 

.594 

Amer.  Miw.  No.  7132 

18.30 

12 .  30 

.  672 

Amor.  Mu«.  No.  7121 

20 . 0 

11.55 

.  577 

.\mcr.  Mu«.  No.  7139 

36 . 8 

18  15 

493 
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Caiman  scUrops 

Ratios 

Breadth, 

Breadth, 

Breadth  of 

Across 

of 

C.  T.  over 

Quadrato-jugals 

Cranial 

Breadth  of 
Quadrato-jugals 

Mus.  Comp.  Zool.  No.  5082 

7.4cm. 

4.35cm. 

.587 

Amer.  Mus.  No.  5239 

8.2 

4.61 

.562 

Mus.  Univ.  Mich.  No.  53113 

8.5 

5.20 

.611 

Mus.  Univ.  Mich.  No.  53112 

10.0 

5.80 

.580 

Amer.  Mus.  No.  15185 

10.1 

5.85 

.578 

Mus.  Comp.  Zool.  No.  5031 

10.95 

6.05 

.552 

Amer.  Mus.  No.  15184 

12.4 

7.28 

.587 

Amer.  Mus.  No.  15183 

16.2 

8.95 

.552 

Alligator 

niisaissippiensis 

Mus.  Comp.  Zool.  No.  13101 

1.98 

1.55 

.782 

Mus.  Comp.  Zool.  No.  13102 

2.13 

1.65 

.774 

Amer.  Mus.  No.  2321 

2.75 

2.10 

.763 

Amer.  Mus.  No.  2320 

3.02 

2.25 

.745 

Mus.  Comp.  Zool.  No.  13103 

4.80(est.) 

3.20 

.666 

Amer.  Mus.  No.  12752 

9.80 

5.62 

.573 

Amer.  Mus.  No.  7130 

18.10 

9.75 

.538 

Amer.  Mus.  No.  15178 

18.60(fflt.) 

9.70(est.)          .521 

Amer.  Mus.  No.  15181 

25.0 

13.00 

.520 

In  addition  to  the  relative  narrowing  of  the  cranial  table  growth,  a 
change  in  the  shape  of  the  table  may  be  noted.  In  all  of  the  very  young 
specimens  studied  the  posterior  part  of  the  cranial  table  is  narrower 
than  the  central  or  anterior  parts;  in  the  older  individuals  the  posterior 
portion  of  the  cranial  table  is  the  broadest. 

6.  CiL\NGE  OF  Surface  of  Cranial  Table. — In  all  of  the  young 
specimens  of  Crocodilus  aineiicanus  and  Alligator  missisfdppiensis 
studied  the  superior  surface  of  the  cranium  is  convex,  and  in  figures  of 
Caiman  sderops  (none  of  the  specimens  available  are  young  enough  to 
show  this  character)  the  same  appears  to  be  true.  In  older  individuals 
of  all  three  species  the  cranial  table  is  flat,  and  in  one  old  individual  of 
C  americanus  (Amer.  Mus.  No.  7139)  it  is  slightly  concave.  In  two 
half -grown  individuals  of  C  porosus  (Amer.  Mus.  Nos.  7115  and  7131) 
the  cranial  table  is  slightly  concave  and  in  a  very  old  individual  (Amer. 
Mus.  No.  15179)  the  table  is  ver>'^  distinctly  concave.  In  several  species 
of  crocodiles,  both  living  and  fossil,  this  condition  appears  to  have  been 
accelerated,  comparatively  young  and  small  individuals  having  the 
cranial  table  concave. 
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7.  Shape  of  Snout. — In  all  the  very  young  crocodilian  skulls  stud- 
ied and  in  all  figures  of  such  skulls  examined,  the  snouts  are  sharp-pointed 
and  are  triangular  in  outline.  Their  increase  in  length  with  age  has  been 
noted  above.  In  all  old  individuals  examined  the  snout  has  lost  its 
early  acute  condition  and  become  more  or  less  rounded.  The  degree  of 
this  rounding  depends  upon  the  character  of  the  snout  in  the  various 
species.  In  some  species  the  snout  increases  considerably  in  both  length 
and  breadth;  in  others  the  increase  in  length  is  much  more  rapid  than 
the  increase  in  breadth.  In  all  young  crocodilian  skulls  the  superior 
surface  of  the  snout  is  concave  in  ant^ro-posterior  profile.  In  many 
species  the  profile  of  the  snout  in  the  adult  is  convex,  the  change  from 
the  concave  to  convex  condition  being  gradual;  in  other  species  the 
attaining  of  a  convex  profile  appears  to  have  been  accelerated,  so  that  a 
half-grown  individual  exhibits  a  marked  degree  of  convexity;  in  still 
other  species  the  profile  remains  concave  throughout  life. 

8.  Number  op  Teetii  Beneath  the  Orbit. — In  their  description 
of  the  skull  of  Oainalosuchus  eggenburgense  Toula  and  Kail  quote  Bur- 
ineister  as  follows:  "  Je  mehr  Oberkieferzahne  unter  der  Orbita  stehen, 
desto  junger  ist  ein  Krokodil."  This  statement  is  justified  by  the  condi- 
tions noted  in  the  series  of  specimens  studied.  The  conditions  in  regard 
to  the  number  of  teeth  under  the  orbit  at  various  stages  may  be  sum- 
marized in  the  following  tables. 

Crocodilus  americanus 


Number  of  Teeth 

Length  of 

Beneath  Orbit 

Skull 

Right 

Left 

MuB.  Comp.  Zool.  No.  5002 

6.3cm. 

5 

5 

MuB.  Comp.  Zool.  No.  5008 

8.8 

5 

5 

Mus.  Comp.  Zool.  No.  5007 

11.6 

4H 

4 

Anoer.  Mus.  No.  15182 

19.3 

4 

4 

MuB.  Comp.  Zool.  No.  5032 

22.0 

3}^ 

SH 

Amex.  MuB.  No.  15175 

30.8 

3 

3 

Axner.  Mus.  No.  7120 

37.9 

2 

2H 

Amer.  Mus.  No.  7132 

39  5 

1 

1 

.\iiier.  Mus.  No.  7121 

40  3 

V4 

2 

Amer.  Mus.  No.  7139 

73  5 

1 

1 
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Caiman  sderops 

Number  of  Teeth 

Length  of 

Beneath  Orbit 

Skull 

Right 

Left 

12.55cm. 

4 

4 

13.35 

m 

3J4 

14.9 

4 

4 

17.8 

inc. 

4 

18.75 

4 

4 

19.6 

4H 

4H 

24.8 

33^ 

-m 

ligaior  mississippieruns' 

3.95 

7 

7 

5.30 

5 

5 

5.70 

5 

9.65 

4M 

4H 

19.35 

3 

3 

32.9 

0 

0 

33.9 

H 

0 

48.8 

0 

0 

Cainuin  niger 

34.7 

4 

4 

46.0 

•> 

3 

TomiHtoma  srhlegelii 

53.8 

1 

1 

76  3 

0 

0 

Crocodilus  jwrosus 

30  5 

2 

2 

35.8 

2»2 

IH 

64  2 

}4 

H 

Mus.  Comp.  Zool.  No.  5082 
Amer.  Mus.  No.  5239 
Mus.  Univ.  Mich.  No.  53113 
Mus.  Univ.  Mich.  No.  53112 
Mus.  Comp.  Zool.  No.  5031 
Amer.  Mus.  No.  15184 
Amer.  Mus.  No.  15183 


Mus.  Comp.  Zool.  No.  13102 
Amer.  Mus.  No.  2321 
Amer.  Mus.  No.  2320 
Mus.  Comp.  Zool.  No.  13ia3 
Amer.  Mus.  No.  12752 
Amer.  Mus.  No.  7130 
Amer.  Mus.  No.  15178 
Amer.  Mus.  No.  15181 


Mus.  Comp.  Zool.  No.  4043 
Amer.  Mus.  No.  15171 


Mus.  Comp.  Zool.  No.  12459 
Amer.  Mus.  No.  15177 


Amer.  Mus.  No.  7715 
Amer.  Mus.  No.  7131 
Amer.  Mus.  No.  15179 

The  general  rule  Jippears  to  hold  among  all  of  the  species  studied, 
except  perhaps  Caimari  sclerops.  In  that  species  it  is  noticeable  only  to 
a  ver>'  slight  degree.  This  may  be  due  partly  to  the  fact  that  the  species 
is  a  very  short -snouted  form,  Imt  mostly  to  the  fact  that  the  series 
studied  contains  no  ver\'  young  spcH'imens,  consequently  the  full  range 
of  variation  is  not  ascertainable. 

9.  De(;rek  of  Lateral  Contkaction  of  tuk  Snout  and  Verti- 
cal Festooning  of  the  Skull  and  Jaws. — In  all  young  crocodiles  the 
lateral  borders  of  the  snout  are  rather  smooth,  either  as  straight  lines  or 
as  gentle  curvTs.  In  older  individuals  the  snout  is  usually  contracted  at 
one  or  more  points.     The  degree  of  (contraction  varies  greatly  among  the 
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various  genera  and  species;  for  example,  in  the  American  alligator  the 
amount  of  contraction  is  very  slight,  even  in  a  very  old  specimen,  while  in 
old  individuals  of  Crocodilus  porosus  the  constrictions  are  very  marked. 
In  any  particular  species,  however,  the  degree  of  contraction  varies  with 
ag;e.    In  most  crocodilian  skulls  there  are  two  definite  points  at  which 
these  contractions  may  be  found.    One  of  those  is  immediately  behind 
the  last  prcmaxillary  teeth,  where  the  premaxillo-maxillary  sutures 
descend  over  the  sides  of  the  snout  and  where  the  fourth  tooth  of  the 
lower  jaw  bites  against  the  upper  jaw.    This  constriction  is  vev}'  promi- 
nent in  some  species  even  at  an  early  age,  and  Cuvier  separated  genera 
on  the  basis  of  this  tooth  biting  into  a  notch,  or  constriction,  outside  the 
snout  or  in  a  pit  on  the  under  surface  of  the  snout. 

ITie  correct  evaluation  of  the  condition  of  this  constriction  as  an 
age  character  is  rather  difficult.    In  the  alligators,  in  the  caimans,  and 
in  the  gavial  it  is  never  very  prominent;  in  the  true  crocodiles  it  is  very 
prominent  in  all  the  species  at  some  stages  but  varies  greatly  among  the 
species  as  to  its  condition  at  a  particular  stage.    In  all  of  the  young  speci- 
mens of  C.  aniericanus  studied  the  notch  is  distinctly  present,  though  the 
general  outline  of  the  snout  is  smooth;  in  older  individuals  of  the  same 
species  the  notch  is  equally  prominent,  if  not  more  so;  the  same  is  true 
of  the  limited  series  of  C  porosits  skulls.    In  old  individuals  of  some  of  the 
short-snouted  species  of  Crocodilus,  for  example  C.  palustris,  the  notch 
is  less  prominent,  the  fourth  mandil)ular  teeth  sometimes  biting  into 
pits  as  in  the  alligators  instead  of  into  notches.     In  the  very  young 
>[)ecimen  which  was  used  by  Cope  as  the  type  of  Perosiichus  fusai^  (Mus. 
Acad.  Nat.  Sei.  Phila.  No.  9720)  it  was  noted  by  Fowler,  who  referred  it 
to  (nimori  scUrops^  as  well  as  l)y  Cope,  that  the  fourth  mandibular 
tooth  on  one  side  bit  into  a  pit  and  on  the  other  side  into  a  notch.    In 
the  series  of  Pleistocene  skulls  from  Cuba  mentioned  above,  the  younger 
individuals  all  have  the  notches  deep  with  the  fourth  mandibular  teeth 
Wting  into  them,  while  the  larger,  older  specimens  have  the  constrictions 
ii^s  prominent  jind  their  fourth  mandibular  teeth  bit  into  pits.    Speci- 
mens of  intermediate  size*  show  intermediate  conditions,  such  as  the 
fourth  mandibular  teeth  biting  partly  into  shallow  pits  and  i)artly  into 
/lotrhes,  or  on  one  side  biting  into  a  notch  and  on  the  other  into  a  pit. 

The  difficulty  of  using  the  condition  of  this  so-called  ^'canine*" 
notch  jis  an  age  character  is  apparent.  The  present  interpretation  of 
this  character  is  that  in  certain  species  which  are  known  to  be  broad- 
.-iiouted  in  old  age  one  may  expect  the  fourth  mandibular  tooth  to 
grade  from  the  nonnal  crocodilian  position  in  a  notch  to  a  position  inter- 
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nal  to  the  margin  of  the  snout,  biting  into  a  pit.  The  presence  of  the  pit 
may  not  mean  a  reduction  of  the  constriction  itself,  but  rather  a  general 
broadening  of  the  snout.  In  some  of  the  Pleistocene  skulls  from  Cuba  the 
fourth  mandibular  teeth  bite  into  pits,  but  the  constrictions  are  marked 
In  general  it  may  be  said  that  this  constriction  increases  with  age,  but 
care  must  be  taken  in  applying  this  rule  to  fossil  forms  whose  specific 
habit  is  not  known. 

A  second  point  at  which  the  snout  is  usually  somewhat  constricted 
is  in  the  region  of  the  sLxth  or  seventh  maxillary  teeth;  the  exact  position 
varies  somewhat  among  the  different  species  of  Crocodilus  and  consider- 
ably among  the  different  genera,  depending  upon  the  member  of  the 
maxillary  dental  series  which  is  largest  in  size.  This  constriction  is 
usually  verj"^  slight  or  absent  altogether  in  the  youngest  stages,  but  with 
age  it  becomes  more  and  more  marked  until  in  ver>''  old  individuals  it  is 
usually  very  deep;  this  varies  somewhat  among  the  genera  and  sfiedes 
of  crocodiles,  but  is  true  as  a  general  statement  of  aU  of  them  except  a 
few  long-snouted  forms  such  as  Garialis  gangeticus  and  Tomidoma 
schlegelii.  In  the  last-mentioned  species  the  snouts  are  characterized  by 
special  depressions  between  the  teeth,  differing  somewhat  from  normal 
crocodilians. 

The  vertical  looping,  or  festooning,  which  is  notably  characteristic 
of  the  crocodilian  skull  in  general,  varies  directly,  in  its  prominence,  with 
the  age  of  the  individual.  In  very  young  individuals  it  is  scarcely,  if  at 
all,  noticeable;  in  old  individuals,  except  those  of  the  excessively  long- 
snouted  species  it  is  very  prominent.  The  festooning  agrees  with  the 
lateral  constricting  in  position.  The  vertical  concavities  of  the  borders 
of  the  premaxillaries  and  maxillaries  coincide  with  the  lateral  constric- 
tions, and  the  vertical  convexities  agree  with  the  lateral  expansions. 

10.  Cranial  Overhang. — In  all  of  the  young  skulls  the  cranial 
region  is  large  in  proportion  to  the  anterior  portion  of  the  skuD  on  the 
palatal  aspect  of  the  skull  as  well  as  on  the  superior  aspect.  In  these 
skulls  the  basioccipital  and  basisphenoid  bones  occupy  a  considerable 
portion  of  the  ventral  surface,  the  posterior  borders  of  the  pterygoids 
being  almost  under  the  orbits,  while  in  older  skulls  the  occipital  region 
is  pushed  farther  back,  the  posterior  borders  of  the  pterygoids  being 
far  back  of  the  level  of  the  orbits. 

11.  Other  Characters. — The  pitting  and  the  rugose  condition 
of  the  surface  of  many  of  the  bones  of  the  crocodilian  skuU  is  greatly 
emphasized  in  old  individuals.  In  all  of  the  young  skulls  examined  the 
surface  is  relatively  smooth;    in  the  individuals  of  medium  size  the 
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pitting  is  deeper  and  the  surfaces  rougher;  in  very  old  individuals, 
particularly  those  of  Crocodilus  porosus,  the  surface  of  the  bone  is  ex- 
ceedingly rough.  The  thickness  of  the  bone  also  varies  considerably  with 
age.  Specific  characters,  such  as  the  oblique  ridges  in  front  of  the  orbits 
of  C.  parosus,  the  median  elevation  of  the  snout  of  C.  americanus,  and 
the  facial  ridges  of  some  of  the  caimans,  are  usually  emphasized  in  old 
indi\iduals. 

Characters  of  Geographic  Variation 

A  number  of  skulls  examined  possess  characters  which  appear  to  be 
explainable  best  as  geographic  variation.  A  large  series  of  skulls  of  the 
American  alligator  were  seen  to  have  certain  areas  variable  in  regard  to 
the  degree  of  pitting.  Certain  surfaces  which  in  one  group  of  skulls  are 
smooth,  in  another  group  are  distinctly  pitted.  There  is  no  apparent 
transition  from  the  strongly  pitted  to  the  smooth  types,  and  the  size  was 
fwmd  to  range  considerably  in  both  smooth  and  rough  groups,  so  age  has 
little  to  do  with  it.  The  large  skull  of  Crocodiltis  americanus  (Mus. 
Comp.  Zool.  No.  10921),  which  varied  from  others  of  the  species  in  pro- 
portions as  indicated  in  the  foregoing  tables,  is  known  to  have  come  from 
Cuba,  while  most  of  the  skulls  studied  came  from  Florida.  Another 
skull  of  the  same  species  (Amer.  Mus.  No.  7121)  varies  somewhat  in 
proportions  from  the  remainder  of  the  series.  Several  of  the  American 
crocodile  skulls  have  the  teeth  directed  sharply  forward,  while  others 
have  them  extending  vertically  downward  from  the  jaws.  In  the  speci- 
mens of  Caiman  sderops  two  individuals  have  the  teeth  of  the  mandible 
RTouped  in  an  abnormal  manner,  and  the  skulls  themselves  have  some- 
what unusual  proportions.  In  none  of  these  cases  is  there  any  appreci- 
ahle  degree  of  intergradation.  It  appears  reasonable  to  suppose,  con- 
sidering that  the  latter  species,  at  least,  has  a  wide  geographic  range, 
that  the  variations  noted  may  belong  to  different  geographic  varieties. 
In  the  absence  of  definite  data  as  to  the  exact  locaUties  of  a  considerable 
number  of  the  specimens,  it  is  not  practicable  to  treat  this  subject  fully 
at  the  present  time.  It  is  mentioned  to  suggest  a  possible  explanation 
of  some  of  the  items  noted  above. 

Individual  Characters 

.\inong  the  skulls  of  several  of  the  species  variations  were  noted 
which  certainly  are  not  concerned  with  the  age  of  the  individuals  and 
which  do  not  appear  to  be  definite  enough  to  come  under  the  head  of 
Ifeographic  variations.    Many  of  the  irregularities  of  the  tables  of  in- 


66  Bullelin  American  Museum  of  Natural  History  [Vol.  XLIV 

crease  or  decrease  of  certain  porportions  with  age,  noted  above,  may  be 
due  merely  to  individual  variation.  Among  these  characters  may  be 
noted  the  following:  variations  in  the  size  and  direction  of  the  teeth; 
unequal  numbers  of  teeth  on  opposites  of  the  same  skull;  variations  in 
the  contour  of  the  snout;  variations  in  the  contour  of  the  cranial  table; 
variations  in  the  form  of  certain  sutures,  particularly  the  premaxillo- 
maxillary  suture  on  the  palatal  surface  of  the  skull;  the  separation  of 
the  nasal  bones  from  the  narial  aperture  on  the  surface  of  the  skull  or  the 
entrance  of  the  nasals  into  this  cavity  at  the  siuiace;  extent  of  piercing 
of  the  skull  by  mandibular  teeth;  the  degree  of  excavation  of  the  pre- 
maxillary  and  maxillary  by  the  mandibular  teeth  and  of  the  mandible 
by  the  teeth  of  the  upper  jaw;  differences  in  the  size  of  the  prominences 
over  the  larger  teeth;  convergence  or  parallelism  in  direction  of  various 
borders,  and  many  other  characters  of  relatively  small  value  and  lack 
of  uniformity  or  stability. 
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INTRODUCTION 

The  following  notes  on  the  crocodilian  skeleton  are  the  result  of  a 
study  of  the  skeletons  of  several  of  the  genera  of  Recent  crocodilians, 
made  for  the  purpose  of  proviclinp;  a  bavsis  of  comparison  for  fossil 
material.  The  crocodilian  skeleton  has  been  described  by  Cuvier, 
C'adow,  Rriihl,  Bronn,  Reese,  and  others,  but  none  of  the  descriptions  by 
the:<e  writers  are  well  adapted  for  comparison  with  fossil  remains,  which 
arpoft^n  ver>'  incomplete.  Many  of  these  descriptions  are  highly'  valu- 
aWe,  however,  and  have  proved  very  useful  in  the  present  study.  The 
material  which  forms  the  basis  of  the  present  study  consists,  first,  of  a 
larpe,  nearly  complete  skeleton  of  Cwcodilus  omericanujfi  in  the  American 
Museum  collection  (Amer.  Mus.  No.  7139),  of  which  the  vertebral 
W)lumn,  ribs,  pectoral,  and  pelvic  bones,  many  of  the  limb  }K>nes,  the 
che\Tons,  and  part  of  the  sternal  apparatus,  as  well  as  the  skull,  are 
fiwred;  second,  a  skeleton  of  Torrnstoma  schlegelii  in  the  collection  of  the 
Maseum  of  Comparative  Zoology  (Mus.  Comp.  Zool.  No.  12459),  a 
skeleton  of  Caiman  niger  (Mus.  Comp.  Zool.  No.  40^3),  and  a  skeleton  of 
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AUigator  mississippicnsis  (Amer.  Miis.  No.  7130)  which  have  been  iised 
for  comparison  with  the  American  crocodile  skeleton;  third,  a  number  of 
skeletons  of  C.  aviericanus,  C.  rhcmbiferj  C,  inienrvedius. 

CERVICAL  VERTEBRAE 

Pro-atlas. — The  pro-atlas  is  represented  by  a  small  V-shaped  bone 
which  is  situated  immediately  posterior  to  the  occiput,  slightly  above  the 
foramen  magnum;  it  has  contact  anteriorly  with  the  supraoecipital  of 
the  skull,  and  antero-inferiorly  with  the  exoccipitab;  poetero-inferiorly 
it  rests  upon  the  neural  arch  of  the  atla<?.  This  element  has  been  inter- 
preted in  a  nimiber  of  ways.  It  may  represent  a  vestigial  vertebra 
between  the  atlas  and  the  skull,  all  of  the  components  except  this  small 
remnant  ha\ing  vanished  during  the  evolution  of  the  group.     Reese 


Amer.  Mus.  No.  7139 

Fig.  1.    Skull  of  Crocodilu9  amertcanu«.    Amer.  Mus.  No.  7139.    One-tenth  natural  aise.    Lateral 
view,  left  side.    Introduced  for  compariaon  of  sixe  with  poetcranial  bones. 

states  that  the  pro-atlas  has  been  considered  as  a  membrane  bone; 
Gadow  considers  it  as  the  detached  neural  spine  of  the  atlas;  Marsh 
figured  a  similar  bone  in  the  dinosaur  *^ Moromurus^*  as  a  "postoccipital 
bone.*'  Of  these  various  views  the  first-mentioned  is  probably  the  correct 
one,  although  the  evidence  in  its  favor  is  not  conclusive. 

Atlas. — The  atlas  consists  of  the  paired  neural  arches,  or  neural 
arch  pedicles,  and  the  intercentrum.  The  two  neural  arch  elements 
are  connected  superiorly  by  cartihige,  and  in  some  specimens  are  fused 
into  a  single  bone.  These  pedicles  are  connected  with  the  axis  by  zyga- 
pophysial  articulations;  anteriorly  they  are  overlapped  by  the  pro- 
atlas  in  an  articulation  winch  allows  free  movement  between  the  two 
bones.  The  pro-atlas  is  evidently  fixed  in  position  with  respect  to  the 
skull.  Postero-inferiorlv  and  mediallv  the  two  stout  neural  arch 
pedicles  of  the  athus  unite  with  the  odontoid  process  of  the  axis  (which 
is  morphologically  the  pleurocentrum  of  the  atlas) ;  inferiorly  the  pedicles 
of  the  atla^  articulate  directly  with  the  intercentrum  of  the  same 
vertebra.    The  latter  articulation  is  ver^*^  slight,  the  two  elements  barely 
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coming  in  contact.  Antero-inferiorly  the  atlas  neural  arch  pedicles 
articulate  with  the  occipital  condyle  of  the  skull.  The  condyle  articu- 
lates \^ith  four  vertebral  elements,  namely,  the  two  neural  arch  pedicles 
of  the  atlas,  the  intercentrum  of  the  atlas,  and  the  odontoid  process  of 
the  axis. 

Axis. — The  axis  vertebra  is  characteristic.  In  the  large  specimen 
figured  (Amer.  Mus.  No.  7139)  the  neural  arch,  odontoid  process,  and 
intercentrum  are  all  united  by  open  sutures  only. 

ITie  SPINE  is  very  low  vertically  and  long  antero-posteriorly.    It 

.  projects  backward  beyond  the  postzygapophyses  and  terminates  sUghtly 

above  their  level;  anteriorly  it  projects  forward  beyond  the  limits  of  the 

neural  arch  proper  but  not  quite  so  far  as  the  prezygapophyses,  termina- 


Pra 
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Fig.  2.  Proatlaa,  atlas,  and  azia  of  CrocodUua  dmericanut.  Amer.  Mus.  No.  7139.  One-fifth  natural 
•ise.  .4,  superior  view;  B.  anterior  view;  C,  lateral  view,  left  side.  Atl.,  atlas;  Ax.,  axis;  Ic,  inter- 
rentnim  of  atlas;  Na.,  neural  arch  of  atlas;  Pos.,  postsygapophysis;  Pra.,  pro-atlas;  R,  Atl.,  left  rib 
of  atlas;  R.  Ax.,  left  rib  of  axis. 


ting  anteriorly  at  a  level  shghtly  higher  than  that  of  the  prezygapophyses 
and  at  about  the  same  level  as  the  postzygapophyses.  The  antero- 
superior  border  of  the  spine  is  somewhat  loigose  and  is  slightly  thickened. 

The  PREZYGAPOPHYSES  are  small.  They  are  situated  somewhat 
lower  than  the  postzygapophyses  but  are  not  any  closer  together.  The 
articular  surfaces  are  very  small  and  indistinct;  the  processes  which 
supfK)rt  them  are  distinct,  but,  at  the  same  time,  small.  The  prezyga- 
pophyses face  almost  directly  upward. 

The  POSTZYGAPOPHYSES  are  relatively  large.  They  face  obliquely 
downward  and  outward.  They  are  situated  relatively  close  together 
and  partially  upon  free  processes.  They  are  higher  in  level  than  the 
prez\'gapophyses. 

The  NEURAL  ARCH  PEDiCT.ES  are  low  vertically  and  elongated 
antero-posteriorly.  Their  anterior  portions,  where  they  come  in  contact 
with  the  massive  odontoid,  are  considerably  thickened. 
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The  RIB  FACETS  are  peculiar  in  their  positions.  The  tubercular,  or 
diapophysial,  facets  are  situated  entirely  on  the  odontoid  process,  which 
is  morphologically  a  part  of  the  atlas.  The  capitular,  or  parapophysial, 
facets  are  situated  partly  on  the  odontoid  process,  and  partly  on  the 
centrum  of  the  axis  itself.  The  two  processes  are  not  far  apart  from  each 
other.  The  greatest  breadth  of  the  vertebra  is  across  the  tubercular  rib 
facets. 

The  NEURAL  CANAL  is  large  in  diameter. 

The  ODONTOID  PROCESS  is  large  and  prominent.  It  articulates  with 
the  neural  arch  and  with  the  centrum  by  suture.  Morphologically  this 
process  is  the  pleurocentnmi  of  the  atlas.  The  superior  portion  of  the 
process  is  long  antero-post^riorl}^;  the  inferior  portion  is  short  in  that 
direction.  The  superior  surface  is  marked  bj*^  a  conspicuous  groove, 
which  lodged  the  spinal  cord.  A  broad  antero-inferior  surface  is  situated 
between  the  two  tubercular  rib  facets  and  between  the  anterior  ends  of 
the  capitular  facets. 

The  CENTRUM  (pleurocentrum)  of  the  axis  is  slightly  keeled  in- 
feriorly.  The  anterior  end  of  the  keel  is  slightly  broadened  and  is 
rugose.    The  posterior  end  is  strongly  convex. 

Cervicals  3  TO  8  INCI.usI^  e. — The  cei^ical  vertebrae  posterior  to 
the  axis  are  diaract^rized  by  great  height  in  proportion  to  their  breadth. 
They  also  possess  v.ery  distinctive  cervical  ribs. 

The  SPINES  are  low  and  thick  in  the  anterior  direction  in  the  an- 
terior cei'vicals,  increasing  in  heiglit  and  decreasing  in  tliickness  on 
approaching  the  dorsal  region.  The  anterior  spines  have  single  posterior 
edges;  the  posterior  ones  have  two  lateral  Hanges  of  bone  on  the  posterior 
edges.    The  transition  between  the  two  types  of  edge  is  gradual. 

The  zygapophyses  are  small  and  close  together  anteriorly,  and 
farther  apart  and  broader  posteriorly.  This  increase  in  size  is  fairly 
regular,  Ijut  the  regularit}-  has  one  or  two  exceptions  (see  table  of  mea- 
surements) . 

The  rib  facets  are  small  and  rather  far  apart  on  Cervical  3;  on 
(  ervicaJs  4,  5,  6,  and  7  they  are  larger  and  closer  together;  on  Cervical 
8  they  are  again  smaller  and  far  apart;  the  facets  on  each  side  of 
Cervical  8  are  farther  apart  than  those  of  any  other  cervical.  The  capit- 
ular facet.s  are  all  situated  on  the  centra;  in  Cervical  3  they  are  near  the 
inferior  })order;  they  gradually  rise  in  position  in  the  cervical  series, 
until  in  Cei-vical  8  they  are  near  the  superior  border.  The  tubercular 
facets  are  situated  on  the  ends  of  the  transverse  processes,  or  diapophyses. 
In  Cervical  3  they  are  low  in  position,   the  processes  projecting  slightly 
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below  tho  level  of  the  neural  arch-centriini  sutures;  tiie  facets  face 
obliquely  outward  and  dow  nward,  and  the  processes  are  verj'  short  in 
this  vertebra.  There  is  a  jirogressive  rise  in  position,  a  pn^ressive 
change  in  the  form,  and  especially  a  pn^ressive  lengthening  of  the  pro- 
cesses, until  in  Dorsal  1  the  facets  face  directly  outward  and  are 
situated  high  above  the  level  of  the  neural  arch-centrum  sutures  on  long 
diaiwphyses. 

All  of  the  centra  ha\'e  very  deep  anterior  cups  and  pronounced 
posterior  balls.  The  inferior  surface  of  each  cervical  centrum  is  strongly 
keeled,  and  the  anterior  portion  of  each  keel  is  extended  into  a  prominent 
downward-projecting  process.  This  process  is  shurt  and  strongly  rugose 
in  the  antftrior  portion  of  the  cerncal  series,  and  is  longer  and  smoother 
near  the  dorsals. 

Measurements  of  tervicai  Vertebric  (Amer.  Mus.  No.  7139) 


DORSAL  VERTEBR* 

There  are  twelve,  possibly  thirteen,  dorsal  vertcbrie  in  the  large 
specimen  (Amer.  Mus.  No.  7139),  the  uncertainty  depending  upon  the 
identification  of  Post-cervical  13  as  a  dorsal  or  a  lumbar.  Thirteen  is 
probably  correct  for  the  dorsals.  The  first  two  dorsals  rosemblo  the 
cervicals  very  closely  in  form,  and  the  third  resembles  them  somewhat. 

The  SPINES  of  the  anterior  dorsals  are  relatively  high  and  narn)w 
antero-posteriorly;  they  are  thicker,  however,  than  those  of  the  posterior 
(-ervicalfl.  Farther  back  they  are  lower  and  thicker.  The  posterior 
surfaces  of  the  spines  are  all  single  and  rugose. 
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The  ZYGAPOPHY8ES  have  a  greater  transverse  diameter  than  in  the 
cemcals  in  the  anterior  dorsals,  but  are  still  relatively  narrow.  They 
broaden  as  far  back  as  Dorsals  5  and  6  and  then  remain  constant  in 
breadth  to  the  lumbars. 

The  DiAPOPHYSES  increase  steadily  in  length  from  Dorsal  1  to 
Dorsal  9,  which  is  the  longest.  Posterior  to  this  point  the  processes 
decrease  slightly  in  length.  The  tubercular  rib  facets  face  directly 
outward. 


Measurements  of  Dorsal  Vertebrae  (Amer.  Mus.  No.  7139) 
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The  CAPITULAR  FACETS  are  situated  on  the  centra  in  Doi-sals  1  and 
2.  In  both  of  these  vertebrae  they  are  carried  on  distinct  parapophyses. 
In  the  third  dorsal  they  are  situated  above  the  centrum  and  are  farther 
apart.  In  this  vertebra  and  in  the  vertebrae  succeeding  they  are  not 
carried  on  distinct  parapophyses,  but  upon  the  diapophyses;  they 
ocTupy  notches  which  indent  the  anterior  borders  of  these  processes. 

In  Dorsal  3  the  distance  between  the  tubercular  and  capitular 
facets  is  greater  than  in  any  other  vert<>])ra.  In  Dorsal  4  the  capitular 
facets  are  .*<ituated  about  half-way  between  the  bases  of  the  diapoph^-ses 
and  their  distal  ends;  they  are  slightly  lower  in  position  than  the  tuber- 
<'iilar  facets.    In  Dorsal  5  the  capitular  facets  are  only  slightly  lower  than 
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the  tubercular  facets  and  are  closer  to  them  than  in  Dorsal  4.  In  Dorsal 
6  the  capitular  and  tubercular  facets  are  on  the  same  level,  and  are 
closer  tc^ether  than  in  Dorsal  5.  From  Dorsal  7  to  Dorsal  11,  inclusive, 
the  capitular  facets  are  situated  farther  and  farther  out  on  the  diapo- 
physes,  approaching  the  tubercular  facets  in  position.  In  Dorsals  12 
and  13  the  tubercular  and  capitular  facets  cannot  be  distinguished  from 
each  other.    In  Dorsal  13  the  combined  facets  are  very  small. 

The  CENTRA  of  all  the  dorsals  are  strongly  and  equally  procoelous. 
In  the  first  four  dorsals  the  inferior  surfaces  are  keeled,  and  have  dis- 
tinct inferior  processes,  like  the  cervicals.  The  centrum  of  Dorsal  5  is 
constricted  somewhat  inferiorly,  but  is  not  distinctly  keeled.  From 
Dorsal  5  back  to  the  lumbars  the  inferior  surfaces  of  the  dorsal  centra 
become  progressively  more  and  more  broadly  rounded. 

LUMBAR  VERTEBRiE 

There  are  three  lumbar  vertebrae.  These  resemble  very  closely  the 
twelfth  and  thirteenth  dorsals. 

The  SPINES  are  short;  their  antero-posterior  diameters  are  sUghtly 
less  than  those  of  the  posterior  dorsals.  The  zygapophyses  are  very 
broad,  being  the  broadest  in  the  entire  vertebral  series.  The  diapo- 
PHTSES  are  long,  but  less  so  than  in  the  posterior  dorsals.  The  length 
o^  the  CENTRA  is  considerable,  but  is  less  than  that  of  the  posterior  dor- 
sals. They  are  strongly  procoelous,  as  in  the  dorsals  and  cervicals,  and 
are  broadly  rounded  inferioriy. 


Aleasurements  of  Lumbar  Vertebrae  (Amer.  Mus.  No.  7130) 
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SACRAL  VERTEBRiE 

The  two  sacral  vertebrae  are  both  stout.  The  spines  are  low  and 
considerably  extended  antero-posteriorly.  The  prezygapophyses  are 
broad  on  the  first  sacral  and  much  narrower  on  the  second.  The  P08^ 
ZYGAPOPHYSES  are  narrow  in  both  sacrals.  The  transverse  processes 
are  very  stout.  Those  of  the  first  sacral  are  considerably  longer  than 
those  of  the  third  lumber  or  of  the  second  sacral.    The  processes  of  both 

I  1 


Amer.  Mus.  No.  7139 

Fig.  5.  Sacral  vertebrffi  of  Crocodilus  americ&nu«.  Amer.  Mus.  No.  7139.  One-fifth  natural BM, 
A,  anterior  views;  B,  lateral  views,  left  side;  C,  posterior  views;  1,  2,  first  and  second  sacral  Tertelff 
respectively.     II.  S.,  iliac  surface;  N.C.,  neural  canal;  Poz.ipostsygapophjrsis;  Prs.,  presygapo|4iyiii< 


sacrals  are  expanded  at  their  distal  ends,  those  of  the  second  much  more 
so  than  those  of  the  first  sacral.  The  expansions  are  gradual  and  not 
abrupt.  The  articulations  between  the  sacral  processes  and  the  ilia  are 
complex  and  strong.  The  sutures  between  the  free  portions  of  these 
processes  and  their  fixed  bases  indicate  their  morphological  origin  as 
ribs. 
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The  CENTRA  are  relatively  short.  Their  inferior  surfaces  are  very 
tvoad;  the  inferior  surface  of  the  first  sacral  centrum  is  slightly  grooved. 
The  anterior  surface  of  the  centrum  of  the  first  sacral  is  concave;  the 
posterior  surface  is  nearly  flat.  The  anterior  surface  of  the  second  sacral 
oeDtrum  is  nearly  flat,  and  the  posterior  surface  is  concave. 

Measurements  of  Sacral  Vertebrie  (Amer.  Mus.  No.  7139) 


CAUDAL  VERTEBR.*: 
The  number  of  caudal  vertebrse  in  the  lai^e  specimen  which  com- 
prises the  chief  basis  of  the  present  description  (Amer.  Mus.  No.  7139) 
is  thirty-seven.    The  number  varies  some- 
what among  the  various  species  of  croco- 
diles and  also  among  the  individuals  of 
the  same  species. 

The  SPINES  are  of  moderate  he^ht  in 
the  anterior  caudals,  increasing  in  length 
towanl  the  mid-caudal  region,  the  tallest  *'«■«■   P'"'  '■'■"'ai  vEfubraof 

>l»ine  l>cing  that  of  Caudal  18.  From  zn^rj^ialsB^'Two-fiitZ  Jtursi 
famial  18  back  to  the  end  of  the  tail  the        ««.    inf-rior  vi™.     The  .utma, 

I  ^        1.1       ■        1     '    1  .        ^t  twtwpf^n  th^  trannverse  procceaee  and 

spines  decrease  steadily  in  height;    the        the  centra  imiipnte  tho  c™ui  nature 
last  four  caudals  have  no  spines,  and  the        oftheprocwB™. 
«[Mne  of  Caudal  33   is   vestigial.      The 

acierior  caudal  spines  are  relatively  thick  antero-posteriorly.  The  spines 
eradualiy  decrease  in  this  respect  until  in  the  region  from  Caudal  14  to 
Caudal  24  they  are  very  slender.  Posterior  to  Caudal  24  they  are 
slender,  but  are  also  veiy  low,  so  their  slendcniess  is  not  conspicuous. 
The  spines  of  Caudals  2  to  7  have  sharp  posterior  processes  projecting 
liack  from  their  ba.ses  between  the  postzygapophyscs. 

Transverse  processes  arc  present  in  only  the  first  fourteen  caudals 
They  are  long  in  the  first  and  second  caudals,  and  dccri'afic  in  length 
nwilarly  and  rapidly  in  the  posterior  chrcotion.  There  are  faint  traces 
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d  a  sutural  connection  of  the  free  portions  of  the  processes  with  their 
bases  in  the  anterior  caudals.  This  is  usually  not  visible.  In  a  specimen 
of  T(mistoma  schlegelii  (Mus.  Comp.  Zool.  No.  12459)  the  sutures  are 
dearly  \Tsible.  The  presence  of  these  sutures  is  an  indication  of  the 
morphological  origin  of  the  processes  as  ribs. 

The  ZYGAPOPHYSES  of  the  caudal  vertebrae  are  relatively  small  and 
close  together,  compared  with  those  of  the  lumbars  and  dorsals.  They 
decrease  in  size  gradually  and  steadily,  ending  in  a  tiny  vestige  in  Caudal 
36. 

The  CENTRUM  of  the  first  caudal  is  biconvex.  The  caudals  from  the 
second  to  the  end  of  the  tail  have  centra  which  are  concave  anteriorly 
and  convex  posteriorly.  The  degree  of  anterior  concavity  is  much  greater 
in  the  anterior  caudal  region  than  near  the  extremity  of  the  tail,  where 
the  surfaces  are  nearly  flat.  In  length  the  centra  increase  gradually, 
but  irregularly,  from  Caudal  1  to  Caudal  16,  then  decrease  to  the  end  of 
the  tail.  Caudal  37  is  very  slightly  longer  than  Caudal  36,  however. 
The  inferior  surfaces  of  the  centra  are  smooth  in  the  first  two  caudals. 
From  Caudal  3  to  the  vicinity  of  Caudal  18  each  inferior  surface  is 
characterized  by  two  longitudinal,  parallel,  keel-like  processes.'  Pos- 
terior to  Caudal  18  these  processes  are  separated  into  anterior  and 
posterior  portions  by  a  central  flat  space. 

CHEVRONS 
Twenty-five  chevrons  are  present  in  the  large  specimen  measured. 
Other  specimens  have  more  or  less  than  that  number.  The  first  chevron 
appears  to  articulate  with  the  inferior  surfaces  of  the  second  and  third 
caudaLs  at  their  junction  with  each  other.  The  anterior  chevrons  have 
single  articular  surfaces  and  conspicuous  foramina;  farther  back  the 
che\Tons  are  Y-shaped,  having  two  articular  processes;  still  farther 
back  they  lose  the  inferior  processes  and  become  V-shaped  in  cross- 
section,  at  the  same  time  becoming  more  elongate  antero-posteriorly. 
In  fonn  these  chevrons  bear  a  remarkable  resemblance  to  those  of  the 
!^uropofl  dinosaurs. 

RIBS 

The  ribs  of  the  Crocodilia  are  characteristic.  The  superior  cervical 
and  dorsal  ribs  are  relatively  stout  and  well  ossified;  those  of  the  ventral 
series  are  slender  and  more  or  less  cartilaginous.  The  double  heads 
are  ver>'  distinct  in  all  of  the  superior  ribs  except  those  of  the  atlas  and 
of  the  last  two  dorsal  vertebrae.    The  number  of  ribs,  both  total  and  of 
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the  separate  regions  of  the  vertebral  column,  vary  somewhat  among  the 
different  genera  and  species.  The  transition  in  form  from  cervical  ribs 
to  dorsal  ribs  is  more  or  less  abrupt,  though  in  some  specimens  the  last 
cervical  ribs  are  intermediate  in  character  between  typical  cervical  and 
typical  dorsal  ribs. 

Cervical  Ribs. — Each  of  the  cervical  vertebrae  (except  the  proble- 
matical pro-atlas)  bears  a  pair  of  ribs.  The  ribs  of  the  atlas  and  axis  are 
readily  distinguishable  from  each  other  and  from  the  remainder  of  the 
cei-vical  ribs. 

The  ribs  of  the  atlas  are  single-headed;  they  are  long  and  flat, 
somewhat  longer,  in  fact,  than  the  ribs  of  the  axis;  their  broadest  por- 
tions are  nearer  the  distal  than  the  proximal  ends;  from  their  points  of 
greatest  breadth  these  ribs  diminish  in  size  rapidly  to  the  slender  ex- 
tremities. 

The  ribs  of  the  axis  are  intermediate  in  structure  between  those  of 

tbe  atlas  and  those  of  the  post-axial  cervicals.    They  are  double-headed, 

and  in  most  specimens  one  head  is  larger  than  the  other.    In  the  large 

specimen  described  (Amer.  Mus.  No.  7139)  the  tubercular  facets  and  the 

processes  which  carry  them  are  much  larger  than  the  capitular  facets 

.  and  their  processes;  the  same  is  true  of  a  smaller  specimen  of  C  ameri- 

(anus  studied  (Amer.  Mus.  No.  15182);  in  some  other  specimens  of  .the 

same  species  the  two  processes  and  their  respective  facets  are  equal  in 

8i2e.   One  specimen  of  Caiman  niger  (Mus.  Comp.  Zool.  No.  4043)  has 

the  capitular  elements  larger  in  size  than  the  tubercular.    In  Tomistoma, 

w  shown  by  a  young  specimen  (Mus.  Comp.  Zool.  No.  12459),  the  tuber- 

c^r  portion  of  the  axis  rib  is  much  greater  than  the  capitular.    In  a 

®^1  skeleton  of  Crocodilus  tntermedius  (Amer.  Mus.  No.  8790)  the 

^pitular  process  is  much  larger  than  the  tubercular.     In  OsteoUemus 

^^dspis  (Amer.  Mus.  No.  4087)  the  same  is  true.    In  a  medium-sized 

^Weton  of  CrocodiluB  rhombifer  (Mus.  Comp.  Zool.  No.  4042)  the  two 

Processes  are  equal  in  size. 

The  ribs  of  the  axis  resemble  those  of  the  atlas  in  being  long  and 
*^^;  the  fK)int  of  greatest  breadth  in  each  rib  is,  however,  at  the  capitular 
P'^x^s,  near  the  proximal  end,  and  not  below  the  center  of  the  bone; 
^^  axis  rib  is  slightly  shorter  than  the  atlas  rib.  Immediately  below  the 
^Pitular  process  the  bone  contracts  somewhat,  then  remains  practically 
^^^form  in  breadth  to  a  point  very  near  the  distal  end,  where  it  suddenly 
^ntraots. 

The  ribs  of  Cervicals  3  to  7  inclusive  are  very  similar  to  each  other, 
^^ring  only  in  very  slight  characters.  Each  rib  consists  of  a  shaft 
^hioh  extends  horizontally,  parallel  with  the  longitudinal  axis  of  the 
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vertebral  column,  and  the  capitular  and  tubercular  processes,  which  jtnii 
the  shaft  almost  perpendicularly.  The  lower,  or  capitular,  process,  is 
larger  than  the  upper,  or  tubercular,  process;  the  capitular  articulai; 
surface  is  larger  than  the  tubercular.  The  capitular  process  extends 
horizontally  from  the  sliaft  to  the  parapophysis  of  the  vertebra;  the 
tubercular  process  extends  obliquely  upward  to  the  diapophysis  of  the 
vertebra.  The  shaft  extends  both  anterior  to  and  posterior  to  the 
articular  processes;  in  the  third  and  fourth  cervicals  the  anterior  proces- 
ses are  considerably  shorter  than  the  posterior  processes;  in  the  fiftU, 
sixth,  and  seventh  cervicals  they  are  only  slightly  shorter. 


^^^.^^.Sh>^ 


Tif.  S.     L«et  cervicsl  riba  ol  Cromdilut  amtriamut, 
lAtenXvKwt.  1-8.  Rnt  to  eighth  ribs  mpectlvFly. 


B.  No.  7139.    One-fifth  utiinlu 


The  ribs  of  the  eighth  cervical  are  intermediate  in  form  between 
typical  cervical  and  typical  dorsal  ribs.  They  vary  considerably  among 
the  genera  and  species  of  crocodihana.  In  CTOcodilus  and  Tomifioma  the 
eighth  cervical  ribs  resemble  the  dorsal  ribs  closer  than  the  other  cervical 
ribs;  in  Caiman  they  are  very  close  in  form  to  the  preceding  cervicalribe; 
in  i4/%aiorthey  vary  somewhat,  in  some  specimens  being  long  like  dorsal 
ribs  and  in  others  short  like  typical  cervical  ribs.  In  all  the  specimens 
examined,  however,  they  exhibit  characters  which  are  easily  rec<%niK> 
able.  They  differ  from  typical  cervical  ribs  in  that  their  shafts  are  not 
perpendicular  to  the  tubercular  and  capitular  processes,  but  rather  are 
extensions  of  them.  The  shaft  of  each  is  homologous  with  the  posterior 
portion  of  the  shaft  of  the  typical  cervical  rib;  it  extends  outward, 
downward,  and  backward  in  contrast  with  the  longitudinal  position  of 
the  typical  shaft  of  a  cervical  rib.  The  anterior  process  of  the  shaft  of 
the  typical  cervical  rib  is  represented  in  the  rib  of  Cervical  8  by  a  thin 
process,  which  extends  forward  from  the  shaft,  below  the  articular  pro- 
cesses; this  thin  process  partly  encloses  a  long  round  fossa  on  tbe  an- 
terior surface  of  the  shaft.    The  tubercular  process  is  shorter  and  thicker 


19211  Mook,  Notes  on  the  Poatcranial  Skeleton  in  the  Crocodilia,  83 

than  the  capitular  process.  The  rib  is  distinguishable  from  the  dorsal 
ribs  in  general  by  the  lesser  length  and  the  relatively  acute  termination 
of  the  shaft;  it  Ls  distinguishable  from  the  anterior  dorsal  ribs  also  by  the 
leBBer  degree  of  curvature  and  by  the  smaller  size  of  the  articular  proces- 
ses and  their  closer  proximity  to  each  other;  it  may  be  distinguished 
{rwn  the  mid-dorsal  ribs  by  its  lesser  length  and  by  its  stouter  and  more 
prominent  articular  processes;  it  differs  from  the  posterior  dorsal  ribs 
in  being  stouter  and  in  having  large,  distinct  articular  processes. 

Dorsal  Ribs. — Considering  Vertebra  9  as  the  first  dorsal,  there 
Me  thirteen  pairs  of  dorsal  ribs,  including  two  pairs  of  floating  ribs,  in 
the  large  skeleton  discussed  (Amer.  Mus.  No.  7139);  other  skeletons 
posBess  only  twelve  dorsals. 

The  dorsal  ribs  are  typically  long,  stout,  and  greatly  curved,  and 
have  distinct  tubercular  and  capitular  facets  (except  in  Dorsal  Ribs  12 
and  13).  The  first  three  dorsal  ribs  on  each  side  have  distinct  capitular 
and  tubercular  processes;  posterior  to  Dorsal  Rib  3  the  ribs  have 
capitular  processes  only,  the  tubercular  facets  occupying  the  ends  of  the 
shafts  without  distinct  processes.  The  two  small  posterior  free  ribs  on 
each  side  possess  no  distinct  articular  processes  and  each  has  only  one 
small  articular  surface. 

The  tubercular  and  capitular  processes  are  far  apart  on  Dorsal  Rib 
1,  farther  apart  on  Dorsal  Rib  2,  and  still  farther  apart  on  Dorsal  Rib  3; 
posterior  to  this  point  the  tubercular  processes  disappear,  and  the  artic- 
ular surfaces  approach  each  other  until  they  merge  together  in  the  first 
free  rib.  In  length  the  ribs  increase  steadily  from  Dorsal  Rib  1  to  a 
naaximum  in  Dorsal  Rib  8,  then  progressively  decrease  in  length  to  the 
end  of  the  costal  series. 

Several  of  the  anterior  dorsal  ribs  have  prominent  anterior  processes 
for  muscle  attachment;  these  appear  to  be  homologous  with  the  anterior 
processes  of  the  shafts  of  the  cervical  ribs.  The  number  of  ribs  bearing 
these  processes  varies  considerably  among  the  various  species  of  croco- 
diles, and  among  different  individuals  of  the  same  species.  In  Amer. 
Mus.  Xo.  7139  the  first  four  dorsal  ribs  have  this  process  strongly  devel- 
oped; it  is  absent  altogether  in  Dorsal  Rib  5.  Other  specimens  of  various 
J'pecies  have  only  two  or  three  dorsal  ribs  with  these  processes;  the 
number  appears  to  be  somewhat  greater  in  old  individuals  than  in  young 
ones.  The  distal  extremities  of  all  the  dorsal  ribs  except  the  first  are 
somewhat  expanded.  Some  of  the  anterior  dorsal  ribs,  usually  the  third, 
fourth,  and  fifth,  plus  a  few  others,  carry  uncinate  processes;  these  are 
a^sually  cartilaginous,  but  in  some  cases  are  slightly  ossified.  They  are 
particularly  noticeable  in  Alligator. 
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Fig.  9.     Left  doreal  ribs  of  Crocodilusamcricanux.   Amer.  Mus.  Xo.  7139.    External  views.    1-13,  fint 
to  thirteenth  ribs,  respectively,  as  estimated. 
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The  posterior  free  ribs  are  small  in  size  and  simple  in  form;  they 
are  short  and  very  slender,  with  acuminate  extremities;  they  have  no 
articular  processes  and  but  single  simple  articular  surfaces;  in  cross- 
section  they  are  almost  circular. 

Measurements 


Cervical  Ribs 

Dorsal  Risa 

Breadth  Aerosa 

Breadth  Across 

Length, 

Capitular  and 

Length, 

Capitular  and 

Total 

Processes 

Total 

Tubercular 
Processea 

C.  R.  ! 

15.4em. 

2.5cm. 

D.R.I 

19.0cm. 

6.40cm. 

C.  R.  2 

12.1 

4.3 

DR.  2 

18.8 

8.05 

C.  R.  3 

7.7 

4.0 

D.  R.  3 

20.0 

9.10 

C.  R.  4 

s..-; 

3.7 

D.  R.  4 

21.5 

6,40 

C.  R.  5 

9.4 

3.7 

D,  R.5 

23.8 

6.40 

C.  R.  6 

9.1 

4.2 

D.  R.6 

22.4 

6.10 

C.  R.  7 

8.2 

.5.5 

D.  R.7 

25.0 

6.00 

V.  R.  8 

17.1 

D.  R.8 

24.4 

6.10 

D.  K.  9 

25.0 

6.00 

D.  R.  10 

25.4 

5..50 

D.  R.  11 

25.1 

4.7Q 

D.  R.  12 

18.3 

D.  R.  13 

11.(1 

\'KNTitAL  Itms. — The  sy.stcni  of  ventral  ribs  in  the  crocoililcs  i:< 
oriipli'X.  It  conmts  of  the  ventral  thoracic  ribs  pr<i|M'r,  the  l)ai's  <'oii- 
.><-tin(i  thoni  with  the  dorsal  ribs,  and  the  alKJoniiniil  ribs.  ,As.s(Kialcd 
litti  these  elements  are  the  sternum  and  its  iis.s<Kiat«Hl  structures.    Tiie 
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ventral  thoracic  ribs  and  the  bars  which  connect  them  with  the  dorsal 
ribs  are  broad  and  flat;  they  are  usually  imperfectly  ossified.  The 
connecting  bars  extend  downward  and  backward  in  direct  line  with  the 
dorsal  ribs;  the  ventral  thoracic  ribs  extend  inward  and  forward  from 
the  connecting  bars  to  the  sternal  cartilage.  The  abdominal  ribs  are 
very  large  and  are  more  perfectly  ossified  than  the  ventral  thoracic  ribs; 
they  are  parallel  to  the  latter  in  position  and  arfe  imbedded  in  cartilage. 
The  last  pair  of  abdominal  ribs  is  larger  than  the  rest. 


STERNUM 

The  anterior  portion  of  the  sternal  apparatus  consists  of  the  com- 
pletely ossified  median  interclavicle ;  the  cartilaginous  mass  which  con- 
nects tins  structure  with  the  coracoids;  the  median  sternal  cartilage  or 
imperfectly  ossified  bone  to  which  the  ventral  thoracic  ribs  are  attached; 
and  the  abdominal  cartilage,  which  lodges  the  ossified  abdominal  ribs 
and  which  is  connected  with,  and  wedges  between,  the  pubes. 


PECTORAL  GIRDLE  AND  FORE  LIMB 

Scapula. — The  scapula  is  expanded  near  its  summit  into  a  broad, 
flat  blade.  Its  shaft  is  thick  and  strong.  The  inferior  end  is  expanded  in 
several  directions;  half  of  the  glenoid  surface,  which  articulates  with  the 
humerus,  is  situated  on  the  inferior  corner  of  the  postero-external  portion 
of  the  scapula;  at  this  point  the  latter  is  very  thick.  Above  the  glenoid 
surface  is  a  roughened  area  of  muscle  attachment,  which  is  situated  on  an 
obUque  ridge  near  the  posterior  edge  of  the  bone.  The  inferior  portion 
of  the  anterior  edge  is  elevated  into  a  roughened  ridge  immediately 
below  the  shaft;  near  the  antero-inferior  corner  of  the  bone  this  ridge 
dies  out.  Between  this  ridge  and  the  process  on  which  the  glenoid  sur- 
face is  situated  is  a  concave  surface,  which  lodges  a  large  mass  of  muscle. 
The  surface  which  articulates  with  the  coracoid  is  very  broad  near  its 
posterior  end,  both  scapula  and  coracoid  being  thick  at  that  point  to  re- 
sist the  thrust  of  the  humerus;  toward  its  anterior  end  this  surface 
becomes  narrower. 

The  inferior  edge  of  the  bone  makes  a  very  oblique  angle  with  the 
longitudinal  axis  of  the  bone.  The  scapula  extends  somewhat  backward 
as  well  as  upward  and  inward  over  the  ribs.  The  entire  external  surface 
is  slightly  convex;  the  internal  surface  is  strongly  concave.  The  superior 
portion  of  the  bone  makes  a  distinct  angle  with  the  inferior  portion. 
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The  scapula  is  considerably  shorter  than  the  humerus  and  femur, 
slightly  shorter  than  the  tibia,  slightly  longer  than  the  fibula,  ischium, 
and  coracoid,  and  considerably  longer  than  the  radius,  ulna,  ilium,  and 
pubis. 

Measurements  of  Right  Scapula  (Amer.  Mus.  No.  7139) 

Length,  Total  22.0cm. 
Antero-posterior  Diameter  of  Superior  Border         8.30 
Antero-posterior  Diameter  of  Inferior  Border  8.90 

Maximum  Thickness  of  Distal  End  3.40 


B 


Amer.  Mut. 
No.  7 130 

Fig.  11.  Scapula  and  coracoid  of  Crocodilus  americanu*. 
.Amer.  Mus.  No.  7139.  One-fifth  natural  size.  A,  posterior 
view;  B,  external  view.  Cor.,  coracoid;  g}.,  glenoid  surface; 
Sc,  scapula. 

Coracoid. — The  coracoid  resembles  the  scapula  in  form  in  many 
respects;  this  resemblance  is  in  many  characters  a  symmetrical  rather 
than  a  direct  one.  The  surface  of  the  coracoid  which  articulates  with 
the  scapula  corresponds  in  outline  with  the  corresponding  surface  of  the 
latter  l)one.  The  external  border  of  thiS  surface  makes  an  oblique  angle 
^"ith  the  longitudinal  axis  of  the  bone.  The  coracoid  therefore  extends 
obliquely  backward,  as  well  as  downward  and  inw\ard  around  the  ventral 
surface  of  the  thorax.  The  glenoid  surface  faces  downward  and  outward. 
It  is  situated  on  a  process  which  is  sharply  set  off  from  the  main  mass  of 
the  lx)ne.  The  entire  superior  surface  of  the  bone  is  thick;  its  antero- 
posterior diameter  is  slightly  greater  than  the  same  diameter  of  the 
inferior  end  of  the  scapula.    The  shaft  is  thick.    The  inferior  end  is  ex- 
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panded  antero-posteriorly  and  flattened  laterally,  but  not  to  the  same 
degree  as  in  the  scapula.  The  anterior  part  of  the  inferior  expansion  is 
considerably  greater  than  the  posterior  part.  The  external  surface  is 
strongly  convex  and  the  internal  surface  is  strongly  concave.  The  cora- 
coid  foramen  is  large  and  conspicuous.  It  extends  obliquely  inward  and 
backward  from  the  external  surface;  on  this  surface  it  opens  at  a  point 
about  one-third  of  the  distance  back  from  the  anterior  border  to  the 
posterior  border,  while  on  the  internal  surface  it  opens  at  a  point  about 
two-fifths  of  the  total  distance  back  from  the  anterior  border. 

The  coracoid  is  considerably  shorter  than  the  humerus  and  femur, 
sUghtly  shorter  than  the  scapula,  ischium,  tibia,  and  fibula,  slightly 
longer  than  the  pubis,  and  considerably  longer  than  the  radius,  ulna  and 
ilium. 


5 


Afn*r.  Mwt.  No.  7130 

Fig.  12.  Left  scapula  and  coracoid  of  CrocodUug 
americantis.  Amer.  Mua.  No.  7139.  One-fifth  nat- 
ural sise.  External  views,  il,  coracoid;  B,  scapula, 
gl.,  glenoid  surface. 


Measurements  of  Right  Coracoid  (Amer.  Mus.  No.  7139) 

Length,  Total      '  19.gcm. 
Antero-posterior  Diameter  of  Superior  Surface        8.4 
Antero-posterior  Diameter  of  Inferior  Surface  8.3 

Maximum  Thickness  of  Superior  Surface  3.7 


Humerus. — The  humerus  is  moderately  stout  in  proportion  to  its 
length.  It  is  expanded  at  both  proximal  and  distal  ends;  the  planes  of 
the  proximal  and  distal  expansions  are  practically  parallel.  The  articular 
surfaces  are  distinctly  marked;  the  articular  surface  of  the  proximal 
end  faces  upward  and  sUghtly  backward;  that  of  the  distal  end  faces 
downward  and  sUghtly  forward.    In  correlation  with  this  the  proximal 
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end  of  the  bone  curves  slightly  backward  and  the  distal  end  curves 
slightly  forward.  The  anterior  and  posterior  surfaces  of  the  bone  im- 
mediately  below  the  proximal  articular  surface  and  the  anterior  surface 
above  the  distal  articular  surface  are  greatly  roughened,  evidently  in 
connection  with  the  attachment  of  strong  Ugaments.  The  proximal 
articular  surface  is  broad  laterally  and  narrow  antero-posteriorly;  its 
anterior  and  posterior  borders  are  nearly  parallel,  except  near  the  internal 
margin,  where  the  bone  thickens;  at  the  internal  margin  itself  the  bone  is 
narrow.    The  distal  articular  surface  is  divided  into  two  distinct  condyles. 


J. 
5 

Amer   Mus.  No.  7139 

FiK.  13.  LefthnmeruB  of  Crocodilus  americanu9.  Amer.  Mus.  No. 
7139.  One-fifth  natural sise.  A,  poeterior  view;  B,  anterior  view; 
f,  lateral  view,    d.,  deltoid  crest. 


\NTien  viewed  from  either  the  anterior  or  the  posterior  direction,  the 
external  border  of  the  humerus  is  seen  to  be  slightly  convex  and  the 
intcTnal  border  slightly  concave.  There  is,  thus,  a  certain  amount  of 
biteral  curvature  in  the  bone.  On  the  posterior  surface,  about  one- 
fourth  of  the  total  length  of  the  bone  below  the  proximal  end  is  a  small, 
elongate  rugose  area,  which  serves  for  muscle  attachment.  The  lower 
pf>rtion  of  the  distal  articular  surface,  between  the  two  condyles,  is  some- 
what grooved. 

Tlie  deltoid  crest  is  large  and  prominent.  It  is  near  the  proxi- 
nml  end  of  the  bone.  It  is  supported  superiorly  by  a  thin,  sharp-edged 
process,  but  inferiorly  it  merges  into  the  stout  shaft  of  the  bone.  It  rolls 
forward  and  inward  strongly,  and  partially  encloses  a  deep  concavity  on 
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the  anterior  surface  of  the  bone  for  lodgment  of  muscles.  Prominent 
rugosities  are  situated  on  the  superior  shoulder  and  inner  surface  of  the 
process;  its  outer  surface  is  smooth. 

The  humerus  is  considerably  shorter  than  the  femur;  it  is  consider- 
ably longer  than  all  the  other  limb  and  girdle  bones. 

Measurements  of  Right  Hmnerus  (Amer.  Mus.  No.  7139) 

Length,  Total  16.8cm. 
Breadth  of  Proximal  End  7.1 

Breadth  of  Distal  End  6.7 

Circumference  of  Shaft  6.9 
Index  of  Circumference  over  Length  .410 

Radius. — The  radius  Ls  a  relatively  small  bone.  It  is  much  shorter 
than  the  ulna,  besides  being  more  slender.  It  is  expanded  at  both  proxi- 
mal and  distal  ends.  The  distal  expansion  is  fore  and  aft  only;  the 
proximal  expansion  is  both  fore  and  aft  and  lateral.  The  shaft  is  ellip- 
tical in  cross-section.  The  ulnar  articular  surfaces  are  distinct.  Near 
the  distal  end,  on  both  the  ulnar  and  the  free  surface,  is  a  low  ridge. 
The  radius  is  shorter  than  all  the  other  Umb  and  girdle  bones. 


Measurements  of  I^ft  Radius  (Amer.  Mus.  No.  7139) 

g  Length,  Total  14.9cm. 

Maximum  Diameter,  Proximal  End  3.4 

Maximum  Diameter,  Distal  End  3.1 

Ulna. — The  ulna  is  characteristic  in  form. 
It  is  very  thick  at  its  proximal  end  and  small  at 
its  distal  end.  Its  distal  end  is  compressed  later- 
ally, so  that  its  ant^ro-posterior  diameter  is  con- 
siderably greater  than  its  transverse.  The  shaft 
is  somewhat  flattened  and  is  decidedly  curved. 
The  large  proximal  articular  surface  faces  forward 
as  well  as  upward;  the  distal  articular  surface 
faces  slightly  inward  as  well  as  downward.  On 
the  internal  surface  of  the  bone,  at  the  distal 
end,  are  situated  two  small  obUque  processes.  The 
posterior  border  of  the  ulna  is  strongly  convex 
and  the  anterior  border  is  strongly  concave. 
The  ulna  is  shorter  than  the  scapula,  coracoid,  humerus,  pubis, 

ischium,  femur,  tibia,  and  fibula;  it  is  equal  in  length  to  the  ilium,  and  is 

longer  than  the  radius. 


Am«r.  Mus. 
No.7139 

Fig.  14.  Left  radiiw 
and  ulna  of  ( 'rttcodUusanierx- 
canus.  Amer.  Muh.  No. 
7139.  One-fifth  natural  size. 
-4,  anterior  view  of  radiiu; 
B,  lateral  view  of  ulna. 
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Measurements  of  Right  Ulna  (Amer.  Mus.  No.  7139) 

Length,  Total  17.2om. 

Antero-postcrior  Diameter  of  Proximal  End       4.3 
Antero-posterior  Diameter  of  Distal  End  3.1 

Cakpus. — The  proximal  row  of  carpals  con- 
sists of  three  bones;  these  are  the  radiale,  ulnare, 
and  pisiform.  The  distal  row  consists  of  one  bone 
only.  The  radiale  is  much  larger  than  the  ulnare. 
Its  greater  length  is  correlated  with  the  shortness 
of  the  radius;  the  length  of  radius  plus  radiale  is 
approximately  equal  to  that  of  ulna  plus  ulnare. 
Both  radiale  and  ulnare  are  long  in  proportion  to 
their  breadth;  and  both  are  expanded  at  their  ends 
like  limb  bones.    The  pisiform  is  very  small. 

The  carpi  of  Amer.  Mus.  No.  7139  are 
incomplete.  Measurements  and  ratios  are  given 
for  several  other  specimens. 

Measurements  and  Ratios 


Fig.  15.  Right  radius, 
ulna,  carpus,  and  manus  of 
Caiman  sderops.  Adapted 
from  BrQhl's  figure.  Two- 
fifths  natural  sise.  Anterior 
view. 


Length, 

Length, 

Length, 

Length, 

Specimen  No. 

• 

Length, 

Left 
Radiale 

Length, 

Left 
lllnare 

Left 
Radiale 

Length, 
Left 

Left 
Ulnare 

Length, 
Left 

Left 
Radiale 

Length, 
Left 

Left 
Ulnare 

Length, 
Left 



RadiuH 

Ulna 

Mtc.  Ill 

Mtc.  HI 

Mus.  Comp.  Zool.  No.  4043 

(Caiman  niger) 

2.5cm. 

1.5cm. 

.274 

.141 

.694 

.416 

Mus.  Comp.  Zool.   No.  5082 

(Caiman  sclerops) 

1.0 

.58 

.262 

.126 

.666 

.386 

Amer.  Miw.  No.  15182  (Croco- 

dUus  americanua) 

1.4         , 

.80 

274 

.140 

.777 

.444 

Manus. — The  five  digits  in  the  manus  are  all  well-developed.  The 
phalangeal  formula  is  2,  3,  4,  4,  3.  The  second  and  third  digits  are 
longer  than  the  first,  fourth,  and  fifth.  The  second  metacarpal  is  the 
longest;  the  third  metacarpal  is  second  in  length;  the  first  metacarpal  is 
third  in  length;  the  fourth  metacarpal  is  fourth  in  length;  and  the  fifth 
metacarpal  is  the  shortest.  The  manus  is  shorter  than  the  pes  and  is 
relatively  broader  in  proportion  to  its  length. 
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Measurements 


Length, 

Length, 

Length, 

Length, 

Length, 

Specimen  No. 

Left 

Left 

Left 

Left 

Left 

Mtc.  I 

Mtc.II 

Mtc.  Ill 

Mtc.  IV 

Mtc.V 

Mus.  Comp.  Zool.  No.  4043 

{Caiman  niger) 

3.08cm. 

3.8cm. 

3.60cm. 

2.75cm. 

l.d3cm. 

Mus.  Comp.  Zool.  No.  5082 

(Caiman  aclerops) 

1.30 

1.50 

1.40 

1.10 

.075 

Amer.  Mus.  No.  15182 

(Crocodiliis  americaniis) 

1.40 

1.73 

1.80 

1.52 

1.08 

Specimen  No. 

Length, 

Left 
Digit  I 

Length, 

Left 
Digit  II 

Length, 

Left 
Digit  III 

Length, 

Left 
Digit  IV 

Lengthy 

Left 
Digit  V 

Mus.  Comp.  Zool.  No.  5082 
(Caiman  sclerops) 

2.73cm. 

3.41cm. 

3.42cm. 

2.47cm. 

1.87cni- 

Ratios 


Length, 

Length, 

Length, 

Specimen  No. 

Right  Mtc.  Ill 

Right  Mtc.  Ill 

Right  Mtc.  Ill 

Length,  Right 

Length,  Right 

Length,Rigtit 

Humerus 

Radius 

Ulna 

Mus.  Comp.  Zool.  No.  4043  (Caiman 

niger) 

.241 

.395 

.339 

Mus.  Comp.  Zool.  No.  5082  (Caiman 

sclerops) 

.238 

.337 

.305 

Amer.  Mus.  No.  15182  (Crocodilus 

americanus) 

.224 

.340 

.302 

PELVIC  GIRDLE  AND  HIND  LIMB 

Ilium. — The  ilium  is  very  irregular  in  outline.    It  is  produced  back- 
ward into  a  conspicuous  posterior  process;  at  its  anterior  end  is  does  not 
extend  forward  beyond  the  anterior  process  which  articulates  with  the 
ischium.     The  superior  border  is   very  irregular,  especially  near  the 
anterior  end,  where  it  is  broken  into  two  distinct  portions  by  a  sharp 
process  which  extends  upward  and  forward;  the  superior  border  is  very 
rugose.    The  external  surface  of  the  ilium  is  deeply  concave  between  the 
two  processes  which  articulate  with  the  ischium;  this  concave  portion 
constitutes  a  closed  acetabulum.    The  external  surface  of  the  posterior 
process  is  smooth.    The  ilium  has  two  distinct  articulations  with  the 
ischium  and  none  with  the  pubis  directly;  both  of  the  ischiadic  surfaces 


1921]  Mook,  Notes  an  the  Postcrsinial  Skdelon  in  the  Crocodilia  93 

are  situated  on  stout  processes.  The  anterior  ischiadic  surface  is  rather 
SDOothly  rounded;  the  posterior  one  is  more  nearly  flat,  but  is  also 
strongly  rugose.  The  two  articular  processes  are  separated  inferiorly 
by  a  thin  wall  of  bone. 

The  superior  portion  of  the  internal  surface  of  the  iUum  is  smooth. 
The  greater  portion  of  the  internal  surface  of  the  posterior  process  is 
contained  in  this  smooth  area.  The  inferior  portion  of  the  internal 
surface  is  occupied  by  the  exceedingly  rugose  areas  which  articulate  with 
the  sacral  vertebrae.  These  areas  are  separated  from  each  other  by  a 
prominent  vertical  ridge.  They  are  very  irregularly  shaped  and  are 
excavated  into  deep  concavities  and  elevated  into  processes  and  ridges, 
all  of  which  are  greatly  roughened.  The 
anterior  of  the  two  articular  surfaces  is  short 
in  the  antero-posterior  direction ;  the  posterior 
surface  extends  back  on  the  posterior  pro- 
cess. A  smooth  triangular  area  is  situated 
partly  between  and  partly  below  the  articu- 
lar surfaces.  ^^^^ 

The  iUum  is  considerably  shorter  than         n,.713« 

the  scapula,    coracoid,   humerus,   ischium,  ,,  J*  j^^,!:"  "'r.^.  m^ 

femur,  tibia,  and  fibula;  sUghtly  shorter  than  No.  7139.   one-fifth  natural  site, 

the  pubis;  about  equal  in  length  to  the  ulna;  ^'**'^  '^^"^• 
and  slightly  longer  than  the  radius. 

Measurements  of  Right  Ilium  (Amer.  Mus.  No.  7139) 

Length,  Total,  Oblique  IT.lcra. 

Length,  Total,  Antero-posterior  15.3 

Distance  Across  Both  Ischiadic  Proceases  10.7 

Ischium. — The  ischium  is  a  large  bone,  much  larger  than  the  pubis. 

In  outline  it  is  complex.    It  articulates  with  the  iUum  at  two  distinct 

points.    The  anterior  of  the  iliac  articulations  is  situated  on  a  distinct 

process,  which  excludes  the  pubis  from  contact  with  the  ilium.     The 

inferior  surface  of  the  anterior  iliac  process  is  partly  rugose,  where 

muscles  or  ligaments  attach,  and  smooth  where  the  bone  articulates 

with  the  pubis.    The  posterior  articulation  with  the  ilium  is  situated  at 

the  head  of  the  bone,  above  the  shaft.    Between  the  two  iliac  articular 

surfaces  the  superior  surface  of  the  ischium  forms  an  infra-acetabular 

i)Oun(hTy.    The  superior  portion  of  the  shaft  is  roughly  semicircular  in 

cross-section.    Between  this  portion  of  the  shaft  and  the  head  a  conspicu- 

ou.^  foramen  enters  the  bone;  it  doe^^  not  completely  pierce  it,  however. 
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The  distal  portion  of  the  shaft  is  greatly  expanded;  the  maximum  diam- 
eter of  this  expansion  is  oblique  in  position.  The  entire  external  surface 
of  the  ischium  is  somewhat  convex  and  the  internal  surface  concave. 
The  two  ischia  do  not  articulate  with  each  other  distally. 

The  ischium  is  considerably  shorter  than  the  humerus  and  femur; 
slightly  shorter  than  the  scapula,  tibia,  and  fibula;  sUghtly  longer  than 
the  coracoid  and  pubis;  and  considerably  longer  than  the  radius,  ulna, 
and  ilium. 


Anwr.  Mus.  No.  71 39 

Fi£.  17.  Left  pubiB  and  iBchium  of  Crocodilua 
americanu*.  Amer.  Miu.  No.  7139.  One-fifth 
natural  sise.  A,  external  view  of  pubis;  B,  external 
view  of  ischium.    Pb.,  pubic  surface  of  ischium. 


Measurements  of  Right  Ischium  (Amer.  Mus.  No.  7139) 

Maximum  Length,  Oblique  17.5cm. 

Antero-posterior,  Diameter,  Proximal  End  3 . 1 

Maximum  Diameter  Distal  End  8  8 


Pubis. — The  crocodiUan  pubis  is  a  characteristic  bone.  It  is 
roughly  triangular  in  outline,  the  relatively  narrow  base  of  the  triangle 
being  at  the  distal  end.  The  surface  which  articulates  with  the  ischium 
is  moderately  smooth  and  is  subcircular  in  outline;  it  is  situated  on  the 
expanded  proximal  end  of  the  bone.  The  shaft  of  the  bone,  immediately 
below  the  proximal  process,  is  subcyUndrical  in  form.  Distally  the  shaft 
becomes  thinner  in  the  lateral  direction  and  increased  in  antero-posterior 
diameter,  merging  into  the  flattened  distal  end.  The  external  surface 
of  the  bone  is  gently  convex,  and  the  internal  surface  gently  concave. 
The  bone  articulates  with  its  fellow  at  the  median  Une  along  a  thin  edge. 

The  pubis  is  considerably  shorter  than  all  the  other  limb  and  girdle 
bones  except  the  radius,  ulna,  and  iUum,  which  it  exceeds  in  length. 
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Measurements  of  Right  Pubis  (Amer.  Mus.  No.  7139) 

Length,  Total  17.5cm. 
Maximum  Diameter,  Proximal  End  3.1 

Minimum  Diameter,  Proximal  End  2.7 

Breadth,  Distal  End  8.7 

Femur. — The  femur  is  by  far  the  longest  of  the  crocodiUan  Umb 
bones.  It  is  expanded  at  both  proximal  and  distal  ends.  The  planes  of 
the  proximal  and  distal  expansions  are  not  parallel,  as  in  the  humerus, 
but  obUque  to  each  other.  The  articular  surface  of  the  head  is  large  and 
round.    The  antero-interal  border  near  the  proximal  end  is  convex  and 


wv 


Ut. 


^ 
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-   .-.  Mus.  No.  7130 

Fig.  18.  Left  femur  of  Crocodilus  atnericanua.  Amcr. 
MuB.  No.  7139.  One-fifth  natural  sise.  i4,poeteriorview; 
B,  anterior  view;  4  tr.,  fourth  trochanter. 


ite  postero-external  border  is  concave.      The  anterior  surface  is  very 
T(Wh  near   the   proximal   end.     The    posterior   surface,   above   the 
fourth  trochanter,  is  concave.    The  fourth  trochanter  is  large  and  promi- 
nent; it  is  much  nearer  the  proximal  than  the  distal  end.    On  it,  and  also 
internal  to  it,  are  deep  rugosities.    The  shaft  is  nearly  circular.    The 
bone  is  cur\''e<l  near  the  distal  end,  so  that  the  condyles  are  oblique  in 
pofition  with  reference  to  the  shaft;  the  external  surface,  ne^ir  the  distal 
end,  is  convex  and  the  internal  surface  is  concave.    Both  external  and 
infernal  surfaces  are  grooved  and  rugose. 
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Measurements  of  Right  Femur  (Amer.  Mus.  No.  7139) 

Length,  Total  32.5cm. 

Breadth,  Proximal  End  6.8 

Breadth,  Distal  End  7.05 

Circumference  of  Shaft  11.0 

Distance  from  Center  of  Fourth  Trochanter  to 

Proximal  End  11.55 
Distance  from  Center  of  Fourth  Trochanter  to 

Distal  End  20.95 

Index  .338 

_     .     Center  of  4th  Trochanter-Proximal  End 

Ratio, ^  ^  ,  ^ — ; — — Tzz—: .551 

Center  of  4th  Trochanter-  Distal  End 

Tibia. — The  tibia  is  a  stout,  massive  bone.  Its  proximal  end  is 
especially  strong.  The  proximal  surface  is  characteristic.  It  is  triangular 
in  outline,  with  the  apex  of  the  triangle  directed  forward;  it  is  also  slight- 
ly concave.  The  proximal  portion  of  the  shaft 
is  stout  and  is  triangular  in  outline;  on  its 
anterior  margin  it  is  compressed  into  a  ridge; 
the  ridge  carries  a  conspicuous  rugosity.  The 
central  portion  of  the  shaft  is  much  more 
slender  than  the  proximal  end;  its  anterior 
horizontal  profile  is  semicircular ;  it  is  compressed 
into  a  low  ridge  posteriorly,  so  that  the  pos- 
terior horizontal  profile  is  not  semicircular. 
The  distal  portion  of  the  shaft  is  expanded  in 
the  direction  of  the  distal  end  of  the  bone.  At 
its  distal  end  the  tibia  is  expanded  in  an  obUque 
antero-external  postero-internal  direction  and 
flattened  in  a  direction  perpendicular  to  this. 
The  distal  surface  is  obUquely  truncated,  the 
bone  being  longer  at  the  postero-internal  angle 
of  the  distal  end  than  at  antero-external  angle. 
The  distal  surface  rolls  backward  somewhat,  in  the  posterior  direction. 
Near  its  central  portion,  on  the  postoro-external  surface,  is  a  small,  but 
conspicuous,  concavity,  which  lodges  the  distal  portion  of  the  fibula. 
The  tibia  is  considerably  shorter  than  the  humerus  and  the  femur; 
sUghtly  longer  than  the  scapula,  coracoid,  ischium  and  fibula;  and  con- 
siderably longer  than  the  radius,  ulna,  ilium,  and  pubis. 

Meusurements  of  Right  Tibia  (Ainer.  Mus.  No.  7139) 

Length.  Total  22.7  cm. 

Maximum  Diameter,  Proximal  End  5,0 

Maximum  Diameter,  Distal  End  5.1 
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Am«r.  Mm.  N*.  7139 

Fig.  19.  Tibia  and  fibula 
oiCrocodiluaamericanus.  Amer. 
Mua.  No.  7139.  One-fifth  nat- 
ural 8i«e.  A,  anterior  view  of 
tibia;  B,  lateral  view  of  fibula. 
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FiButA.— The   crocodilian  fibula  is  long  aod   dender.     At   the 
proximal  end  it  \b  expanded  and  at  the  same  time  flattened.    The  inner 
surface,  near  the  proximal  end,  has  a  smooth  surface  for  articulation 
with  the  tibia;  below  this  surface  is  a  rugosity. 
On  the  external  surface  of  the  shaft,  about  one- 
fifth  of  the  total  length  of  the  bone  below  the 
proximal    extremity,    is    a    conspicuous    muscle 
rugosity.     The   central  portion  of  the  shaft  is 
c>'lindrical  in  cross-section.    The  distal  extremity 
is  expanded,  but  is  not  flattened  at  the  proximal 
end.   The  plane  of  maximum  expansion  at  the  dis- 
tal end  is  obhque  to  the  plane  of  maximum  expan- 
sion at  the  proximal  end.    A  distinct  process  at 

the  distal  end  articulates  with  a  grooved  surface 

on  the  tibia. 

The  fibula  is  considerably  shorter  than  the 

humerus  and  femur;   sKghtly  shorter  than  the 

scapula,  ischium,  and  tibia;  slightly  longer  than 

thecoracoid,  iKum,  and  pubis;  and  considerably 

lonfter  than  the  radius  and  ulna. 

Measurements  of  Right  Fibula 
(Amer.  Mus.  No.  7139) 
Lenfclh.  Total  21.1rm. 

Maximum  Diamelcr,  Proxiinal  End  3,3-t 

Maximum  Dbmctcr.  Distal  Knd  3.  It) 

Circiiniferencp  of  Shaft  .1.20 

•,  .•*liaft_^ 
al   U'lifft: 

T.\HSi's. — The  proximal  row  of  tarsal  bonps  '■"i"-  -■"■    "'«'''  ''''■»■ 

MHwists  of  a  large,  irregular  tibialc,  or  astragalus,     caimlm  -rftrnp-.  Aduptwi 
ami  a  pniniincnt  fibulare,  or  calcaneimi.     The     (r.™  BrQhi » fiKurc    twu- 
tlistal  row  consists  of  three  bones.     The  fibiale  is     vitm-, 
of  moderate  size;  Ix'sides  its  articulation  with  the 

tibia  this  bone  has  contacts  with  the  fibula,  fibulare,  the  innermost 
I'f  the  distal  tarsal.<<,  and  Metatarsal  1.  Thir  fibulare  extends  backward 
»'ilh  a  shaft  and  an  expanded  distal  end.  It  forms  contacts  with  the 
fiinjia.  libialf,  and  the  inner  of  the  three  lii-Mid  tiirsal  bones.  The 
irineniKisI  distal  tarsal  lies  external  to  the  proximal  end  uf  Metatarsal 
I.  ahov.-  Metatarsal  If,  and  partly  above  Metatai-sal  III.    The  middle 
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distal  tarsal  lies  above  the  third  and  fourth  metatarsals.  The  external 
distal  tarsal  has  a  verj'  slight  contact  with  the  fourth  metatarsal.  It 
extends  backward  as  a  free  process. 


Measurements  and  Ratios 


Maxi- 

X                    i  1 

'    Max. 
Diam. 

Length, 
Left 

Max. 
Diam. 

Lengtliy 
Left 

Specimen  No. 

mum 

dia- 
meter. 

Left 
Tihiftlp 

I^ength, 
I^ft 
Fibu- 
larc 

Left 
Tibiale 

Length, 
Left 

Fibu- 
lare 

liength, 
Left 

Left 
Tibiale 

Length, 
Left 

Fflm- 
Ian 

LengtlL, 
Left 

I   XI  III*i\y 

Tibia 

Fibula 

Mtt.  II 

Mtt.  IX 

Mu8.  Comp.  Zool.  No.  4043 

{Caiman  mger) 

3.2c'm.  c. 

4.0cm. 

.217 

.289 

.326 

.306 

Mus.  Comp.  Zool.  No.  5082 

(Caivian  sclerops) 

1.3 

1.52 

.222 

.259 

.372 

.415 

Amer.  Mus.  Mo.  15182  (Croco- 

dilus  americanus) 

1.45(e8t.) 

2.00 

.210 

.298 

.329 

.454 

Pes. — The  pes  consists  of  four  digits  only.  It  is  much  longer  than 
manus.  The  phalangeal  formula  is  2,  3,  4, 4.  The  first  digit  is  somewhat 
stouter  than  the  others.  The  third  digit  is  the  longest;  the  second  digit 
is  second  in  length;  the  fourth  digit  is  third  in  length;  and  the  first 
digit  is  the  shortest.  The  metatarsals  are  relatively  long  compared  with 
the  phalanges.  The  digits  all  support  claws  and  are  pressed  closely 
together. 

Measurements  and  Ratios 


Sperimcn  No. 

Length, 
Mtt.  I 

Ijength, 
Mtt.  II 

Length, 
Mtt.  Ill 

Length, 
Mtt.  IV 

Length, 
Mtt.  II 

Length, 
Left 

Length, 

I^ft 
Mtt.  II 

Length, 
Left 

liength, 

T4rft 

Mtt.  11 

Length, 
Left 

Femur 

Tibia 

Fibula 

Mus.    Comp.    Zool. 

No.  4043  (Cainianl 

niger) 

8.7cm. 

9.7cm. 

9.2cm.      8.1cm. 

.510 

.638 

.413 

Mua.    Comp.    Zool. 

No.  5082  (Caiviajt 

sclerops) 

3.2 

3.7 

3.6 

3.2 

.510 

.649 

.654 

Amer.   Mus.   No. 

1 

15182  (Crocodilm 

americanus) 

4.0 

4.3 

4.25 

3.9 

.477 

.623 

.641 

19211 
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IL\TIOS  OF  UMB  AND  GIRDLE  BONES  OF  CROCODILUS  AMERICANUS 

(Amer.  Mus.  No.  7139) 


Length  Coracoid 

.904 

Length  Coracoid 

.938 

Length  Scapula 

Length  Fibula 

Length  Scapula 

.814 

Length  Humerus 

Length  Radius 

.550 

Length  Radius 

.677 

Length  Humerus 

Length  Scapula 

Length  LHna 

.629 

Length  Una 

.772 

Length  Humerus 

Length  Scapula 

Length  Ilium 

.633 

Length  Ilium 

.777 

Length  Humerus 

Length  Scapula 

Length  Ischium 

.688 

Length  Ischium 

.S45 

Length  Humous 

Length  Scapula 

Length  Pubis 

.648 

Lmicth  Pubis 

.795 

Length  Humerus 

liHifth  Scapula 

Length  Humerus 

.830 

liKifnh  Scapula 

.676 

Length  Femur 

Length  Femur 

Length  Tibia 

,7yrk 

Length  Tibia 

.964 

Length  Humerus 
Length  Fibula 

Length  Scapula 

.785 

Length  Fibula 

.963 

Length  Humerus 

Length  Scapula 

Length  Llna 

.994 

Length  Coracoid 

.737 

Length  Ilium 

l^Rth  Humerus 

Length  Una 

.913 

^f^h  Radius 

.74S 

Length  I«^hium 

I^nRth  Coracoid 

Length  Llna 

.971 

Lfnffth  Una 

.S54 

Length  PubU 

I^n«th  Coracoid 

Length  Una 

..523 

I^oirth  Ilium 

.S.59 

Length  F^mur 

UnRth  Coracoid 

Length  I'lna 

.745 

i>ngth  Pubis 

.S79 

Length  Tibia 

l^n«th  Coracoid 

Lfngth  T'lna 

.SOI 

I«n^h  Ischium 

.934 

I>*ngiri  K:r>ila 

Length  Coracoid 

I>-ritrt.^  H-vii  i- 

.S7« 

Length  Coracoid 

.612 

lj:T.fr.T.  ^ '.:.'. 

I-ength  Femur 

Ijcnfcih  Coracoid 

.S72 

I>-r.ir'.  ;'  ;',   .' 

>7] 

J>^gth  Tibia 

I>-'  Z".   J  .  .". 
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Length  Radius 


Length 
Length 


Ischium 
Radius 


Length 
Ijength 


Pubis 
Radius 


Length 
Length 


Femur 
Radius 


Length 
Length 


Tibia 
Radius 


Length  Fibula 

Length  Ilium 
Length  Ischium 
Length  Ilium 


Length 
Length 


Pubis 
Ilium 


Length 
Length 


Femur 
Ilium 


Length 
Length 


Tibia 
Ilium 


Length  Fibula 


.801 
.851 
.458 
.653 
.702 

.919 
.977 
.526 
.754 
.806 


Length  Pubis 


.940 


Length  Ischium 

Length  Ischium 

.580 

Length  Femur 

Length  Ischium 

.815 

Length  Tibia 

Length  Ischium 

.877 

Length  Fibula 

Length  Pubis 

.538 

Length  Femur 

Length  Pubis 

.767 

Length  Tibia 

Length  Pubis 

.825 

Length  Fibula 

Length  Tibia 

.701 

Length  Femur 

Length  Fibula 

.652 

Length  Femur 

Length  Fibula 

.929 

Length  Tibia 


Plate  XIII 


Plate  XIII 

Dorsal  vertebrae  of  CrocodUua  americanus 
Amer.  Mus.  No.  7139 
One-fifth  natural  size 
il.— Anterior  views 
B. — Lateral  views,  left  side 
C. — Posterior  views 

1-13. — First  to  thirteenth  dorsal  vertebra,  inclusive 
Di.,  diapophysis;   N.  C,  neural  canal;   Pa.,  parapophysis;   Poz.,  p( 
physis;  Prz.,  prexygapophysis;  Sp.,  spine. 


Plate  XIV 


Plate  XIV 

Caudal  vertebra  of  CrococUus  americanus 
Amer.  Mus.  No.  7139 
One-fifth  natural  size 
A. — Anterior  views 
B, — Lateral  views,  left  side 
C. — Posterior  views 

1-37.    First  to  thirty-seventh  caudal  vertebrae,  inclusive 
N.  C,  neural  canal;    Poz.,  postzygapophysis;    Prz.,  prezygapoph3rsis;    Sp., 
spine;  T.  P.,  transverse  process. 
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ArticI*  IX.— THE  DERMO-SUPRAOCCIPITAL  BONE.  IN  THE 
CROCODILIA' 

Bt  Charles  C.  Mook  ■--'•'./ 

In  a  number  of  ^ures  of  Permian  reptiles  Williston  has  indicateil  '. 
dermo-supraoccipital  bones,  lying  immediately  posterior  to  the  parietals. 
These  dermo-supraoccipitaJ  bones  are  large  and  prominent  in  three  of 
the  Permian  genera,  i.  e.,  Limnoacelts,  Seymouria,  and  Noihodon.     All 
of  the  bones  of  the  surface  of  the  cranium  are  paired  in  these  genera. 


Mj*.Comp.Zool.No.1310l 


Ko  .»o«i[HUl;  Pm.puutml:  8oc..iupiii(K;cipiUl:  Sg.,iqu>D>oul. 

Of  .VtrfftorfOTi  WiUistonsays:  "Back  of  the  parietals  are  the  broad  derm- 
occipitals,  which  are  blended  on  the  upper  side  with  the  supraoccipitals 
almost  indistinguishably.  I  believe,  however,  that  their  sutural  separa- 
tion follows  about  the  line  as  I  have  drawn  it."  He  describes  the  inferior 
!iurfare  in  detail. 

'CoDtributiou  to  U»  Oitwdoix,  ASnitis.BDd  DiBlribution  olthcCtocodilU.    No.  S. 


•  •  • 


• 
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a  ■  • 

Miall  has.-noted  the  dermo-supraoccipital  as  a  component  of  the 
skull  of  the  jCi^pcodilia.  It  has  never  been  figured  in  this  group  and  does 
not  appear  on^most  crocodile  skulls. 

.'"tJpoii*  taking  up  the  study  of  the  Crocodilia  it  was  suggested  to  the 
writer' by  Professor  W.  K.  Gregory  that  it  would  be  advisable  to  make  a 
.•.  V'i'cacreful  study  of  very  young  crocodilian  skulls  to  verify  Miall's  state- 
ment, if  possible,  and  to  determine  the  characters  of  the  dermo-supra- 
occipital if  it  were  found  to  be  present.  Two  very  young  alligator  skulls 
(Amer.  Mus.  No.  2320  and  Amer.  Mus.  No.  2321),  which  are  57  mm.  and 
53  mm.  long,  respectively,  were  examined  for  this  purpose  and  showed  no 
indications  of  the  dermo-supraoccipital  as  a  separate  element.  In  a 
very  young  skull  in  the  collection  of  the  Museum  of  Comparative  Zoology 
kindly  loaned  by  Dr.  Thomas  Barbour  (Mus.  Comp.  Zool.  No.  13101), 
which  is  only  35.3  mm.  long,  a  distinct  bone  is  visible  posterior  to  the 
parietal  and  anterior  to  the  supraoccipital  in  position;  this  bone  is 
united  to  the  parietal  and  supraoccipital  by  distinct  sutures.  In  a 
slightly  larger  specimen  (Mus.  Comp.  Zool.  No.  13102),  which  is  39.5 
mm.  long,  the  element  is  likewise  clearly  visible  but,  while  its  suture 
with  the  supraoccipital  is  clean-cut  and  open,  its  suture  with  the  parietal 
is  obscure;  the  bone  appears  to  be  partially  fused  with  the  parietal. 


2^ 

Mus.  Como.Zool.No.  13101 

Fig.  2.     Skull  of  young  alligator  (Alligator  missiasippiensia) .  Mu8.  Comp.  Zool.  No.  13101.  Twice 
natural  size.  Superior  view.    In  this  figure  the  relations  of  the  parts  represented  in  Fif.  1  are  indicated. 

Regarding  the  element  noted,  the  following  may  be  said:  it  occupies 
the  position  indicated  by  Williston  for  the  dermo-supraoccipital  in 
LimnosceliSy  Noihodon,  and  Seymouria;  furthermore,  it  appears  to  be 
more  closely  connected  with  the  parietal  (of  dermal  origin)  than  with  the 
supraoccipital  (of  cartilage  origin).  From  these  facts  it  may  be  con- 
fidently stated  that  the  element  is  the  dermo-supraoccipital  and  that  it 
fuses  at  a  ver}^  early  stage  with  the  parietal.    Along  with  the  other  cranial 
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elements,  it  has  lost  its  paired  character.  This  fusion  has  been  greatly 
accelerated,  in  comparison  with  the  Permian  reptiles,  so  the  bone  is  only- 
present  as  a  distinct  element  in  a  very  young  stage. 

The  bone  is  much  smaller  than  the  supraoccipital  and  is  bounded 
by  it  laterally  as  well  as  posteriorly.  In  respect  to  the  latter  character 
the  bone  differs  from  the  corresponding  element  in  the  Permian  reptiles, 
in  which  it  is  large  and  is  bounded  laterally  by  the  tabulars  and  supra- 
temporals,  separating  the  parietal  completely  from  the  supraoccipital. 
In  shape  the  bone  is  broader  than  it  is  long,  its  length  being  about 
two-fifths  as  great  as  its  breadth.  Its  posterior  boundary  is  a  symmetri- 
cal convex  curve;  its  anterior  boundary  is  more  complex  but  is  sym- 
metrical; it  extends  inward  and  slightly  forward  from  each  sharp  lateral 
comer,  then  curves  forward,  and  then  backward  to  the  median  line  and 
in  a  symmetrical  direction  to  the  opposite  lateral  corner.  The  bone  is 
therefore  slightly  notched  at  the  median  line. 

It  will  be  interesting  to  search  for  this  element  in  the  Tertiary  and 
Mesozoic  crocodilians  and  to  trace,  if  possible,  its  history  back  through 
a  primitive  diapsid  stem  to  the  ancestral  Palseozoic  Reptilia. 
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Articla  X.—ALLOGNATHOSUCHUS,   A  NEW   GENUS   OF 

EOCENE  CROCODILIANSi 

By  Charles  C.  Mook 


Plate  XV 

This  genus  is  founded  on  Crocodilus  polyodon  Cope,  which  was 

or^'nally  described  in  1873  in  the  6th  Annual  Report  of  the  U.  S. 

Geological  and   Geographical  Survey  of  the  Territories,   page  614, 

Cope's  description  of  the  species  is  as  follows: 

Represented  by  portions  of  cranium  and  teeth,  with  probably  some  vcrtebno 

/ound  close  to  them.    This  crocodile  is  similar  in  size  to  the  D.  gubulcUuaf  or  our  olll- 

gBtor.    It  differs  much  from  the  last  in  the  arrangement  of  the  teeth.    There  is  one 

preeminently  large  canine  opposite  the  symphysis,  (in  D.  subulatuM  this  tooth  is 

opposite  the  posterior  end  of  the  same,)  which  is  followed  by  nine  very  small  teeth, 

whose  round  alveoli  are  only  separated  by  very  thin  walls.    Following  the  last  of 

these  immediately  is  another  very  large  tooth,  with  nearly  round  alveolus,  which  is 

closely  succeeded  by  other  smaller  teeth  of  larger  size  than  those  in  front  of  it,  and 

not  differing  in  this  respect  among  themselves.   The  crowns  of  the  teeth  are  cylindric 

at  Sase,  and  have  a  double  ridge  on  the  anterior  outer  aspect.    The  enamel  is  ot>- 

soletely  rugose,  striate  at  the  base.    The  external  surface  of  the  dentary  Yxme  is 

deeplj*  and  coarsely  pitted;   at  its  anterior  part  tlie  pits  are  close,  deep,  ami  small; 

on  the  inferior  face  they  are  deep,  short  grooves.    There  is  a  series  tA  cUise,  small 

foramina  along  the  inner  side  of  the  alveole. 


Measurements 

Depth  of  sjTnphysis 

Diameter  **  anterior  end  of  canine  UMAh 

Distance  of  same  from  median  "caoixKr' 

Depth  dentary  bone  at  latter 

Width  ramus  at  anterior  rraniDe 


0  014 


Thifi  species  differs  in  many  r^sp^rt*  from  xbt^  fju^r  htfA  d^^Tiij^A,  \r*J/^ii^]. 
The  teeth,  anteriorly,  are  much  nyifv-  ^jviiy  pi^^A.  tuA  th^  }aA^y/r  ut*4  Wi44k 
canines  are  leas  separated,  and  mrjre  ttux«!f*:«*  •««iJJ  Ui^fXij  'j^ri\^  ^ij^  w^t^r*J, 
The  splenial  bone  has  a  laii^ET  ebuf:  in  ti**:  ri-uu;A>»«t,  «*d  u^  «»«-'jJj>t'//«'  u  tsj'Mrh 
more  profound.    The  teeth  are  nrx  flrjtwl. 

The  type  specimen  was  faawi  «« tht  fjiofi*  '/  Vpy^r  ^/t*j^  ffuY^  '/y  tV  wf  ;Vir. 

The  species  was  redearribed  axid  parti&Dy  fir»;j»id  ixj  J'yyl  Uj  ^ij^. 
volume  on  the  Tertian-  Vertet^mtau* 


iContribotiont  t4>  t^ 
iReport  U.  S.  GeoA«CKftl 
br«ta.  by  E.  D.  Cope,  p.  lM.Pi 
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*  *  * 
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The  type  specimen,  which  now  constitutes  U.  S.  National  Museum 
No.  4112,  was  kindly  loaned  to  the  writer  for  study  and  description 
through  the  courtesy  of  Mr.  C.  W.  Gilmore.  The  geological  horiion 
is  Lower  Bridger. 

Upon  stud^dng  the  type,  the  writer  noted  that  it  differed  from  all 
other  known  crocodiUan  jaws  (except  the  jaw  of  Crocodilus  heterodan, 
described  below)  to  a  considerable  degree,  also  that  Cope's  description 
is  only  partially  accurate  and  does  not  do  justice  to  the  peculiar  cha> 
acter  of  the  specimen. 

Description  of  Type  of  AUognaJthosvchua  pdyodon 

Type  Material. — The  type  specimen  consists  of  the  greater  portion 
of  a  left  mandibular  ramus.  The  teeth  are  preserved  only  as  a  few  frag- 
ments, but  many  of  the  alveoli  are  complete.  The  anterior  end  of  the 
jaw  is  lacking  and  the  region  of  the  mandibular  foramen  is  incompkte. 
Part  of  the  inner  portion  of  the  jaw  is  missing,  and  no  part  of  the  splenial 
bone  is  preserved,  but  its  impress  upon  the  dentary  is  marked. 

General  Form. — The  general  form  of  this  jaw  is  as  imusual  as  its 
apparent  dentition.  The  jaw,  as  a  whole,  is  slender;  it  is  more  curved  in 
the  vertical  plane  than  in  most  crocodiUans,  the  inferior  border  bdng 
decidedly  convex  and  the  superior  border  generally,  though  irregularly, 
concave. 

The  anterior,  or  symphysial,  portion  is  shallow  vertically  and 
moderately  wide.  The  chief  external  surface  at  this  point  faces  obliquely 
downward  and  outward,  but  principally  downward.  The  angle  of  the 
symphysial  surface  with  the  longitudinal  axis  of  the  ramus  indicates 
that  the  two  rami  did  not  diverge  sharply  and  that  the  entire  jaw,  and 
consequently  the  skull  also,  was  narrow.  The  splenial  bone  evidently 
formed  a  part  of  the  symphysis.  The  anterior  end  of  the  jaw  is  ele- 
vated, and  ininiediately  posterior  to  this  the  superior  border  descends  in 
a  gentle  curve  and,  slightly  posterior  to  the  level  of  the  posterior  end  of 
the  symphysis,  rises  again  in  a  reverse  curve  to  a  prominent  process  whidi 
lodges  the  large  teeth  described  below.  At  this  point  the  external  sur- 
face is  divided  into  two  portions,  one  being  chiefly  external  and  the  other 
largely  ventral;  the  two  portions  are  sharply  separated  from  each  other. 

Posterior  to  the  superior  process  noted  above  the  superior  border 
again  descends  in  a  gentle  but  pronounced  curve  and,  very  slightly 
anterior  to  what  appears  to  be  the  posterior  end  of  the  dental  series, 
rises  again  slightly.  At  the  apparent  posterior  end  of  the  dental  aeries 
the  border  rises  abruptly,  so  that  its  posterior,  or  surangular,  portion  is 
distinctly  higher  than  its  anterior,  or  dental,  portion. 
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The  series  of  curves  in  the  anterior  portion  of  the  superior  border 
gives  the  jaw  a  wavy  appearance  unlike  any  other  known  crocodilian. 
Very  large  and  old  specimens  of  some  of  the  living  species  of  crocodiles 
and  alligators  sometimes  have  the  superior  border  of  the  jaw  elevated  in 
some  places  and  depressed  in  others,  but  never  to  the  extent  in  this  fossil 
form;  in  the  modern  specimens  it  is  always  relatively  sUght  in  proportion 
to  the  length  of  the  dental  series. 

The  borders  of  the  mandibular  foramen  are  not  preserved,  but  the 
foramen  could  not  have  been  large.  The  posterior  two-fifths  of  the  jaw  is 
deep  vertically.  The  posterior  process  of  the  articular  bone  is  deflected 
inward. 

Dentitign. — None  of  the  teeth  are  perfectly  preserved,  but  in 
several  of  them  the  form  is  discernible.  The  alveoU  indicate  the  size  of 
the  teeth.  The  anterior  end  of  the  jaw  being  missing,  it  is  impossible  to 
determine  the  number  of  teeth  accurately.  The  first  alveolus  in  the 
specimen  is  in  the  position  usual  for  the  third  mandibular  tooth,  and 
may  provisionally  be  regarded  as  such.  This  alveolus  is  of  moderate 
size.  Immediately  posterior  to  the  first  alveolus  is  the  second,  which 
contains  the  broken  base  of  a  tooth.  This  alveolus  is  very  large,  having 
twice  the  diameter  of  the  first. 

Posterior  to  this  large  second  alveolus  are  eight  small  alveoU,  not 
nine  as  stated  by  Cope.  The  first  of  these  is  slightly  smaller  than  the  first 
alveolus  in  the  jaw.  From  this  the  small  alveoU  diminish  in  size  steadily 
to  the  sixth  and  then  increase  sUghtly  to  the  eighth.  The  tooth  itself  is 
partly  preserved  in  the  eighth  alveolus  of  this  group;  it  is  very  small 
and  is  sharply  pointed.  These  eight  alveoli  face  obliquely  outward  as 
well  as  upward. 

Posterior  to  this  group  of  eight  small  alveoli  is  a  large  alveolus 
equaling  in  size  the  second  in  the  jaw;  posterior  to  it  is  a  slightly  smaller 
alveolus,  containing  the  base  of  a  stout  conical  tooth;  these  two  alveoli 
occupy  the  smnmit  of  the  elevation  of  the  superior  border  of  the  jaw 
mentioned  above.  The  second  of  the  two  alveoli,  though  smaller  than 
the  first,  is  considerably  larger  than  any  of  the  group  of  eight  alveoli 
noted  above.  All  of  the  alveoli  described  so  far  are  separated  from  each 
other  by  thin  walls  of  bone;  the  teeth  were  crowded  cloee  together. 

Posterior  to  the  two  alveoli  on  the  summit  of  the  superior  process 
of  the  dentary,  just  described,  is  a  series  of  alveoli  of  moderate  size,  which 
were  evidently  confluent  with  each  other.  This  cannot  Ix*  detennined 
accurately,  as  the  inner  wall  is  not  preserved.  Five  of  these  alveoli  are 
dif<tinctly  visible,  and  it  is  probable  that  ancther  followed  these  in  a 
space  now  occupied  in  the  specimen  by  plaster. 
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The  total  number  of  alveoli  cleariy  visible  in  the  jaw  is  seventeen. 
Adding  the  hypothetical  two  anterior  teeth  (considering  the  first  alveolus 
preserved  as  No.  3)  and  the  hypothetical  one  last  tooth,  the  probaUe 
number  of  teeth  in  the  jaw  is  twenty.  The  correct  number  may  have 
been  one  more  or  one  or  two  less,  hardly  more  than  that. 

The  actual  number  observable,  seventeen,  is  greater  than  in  any 
known  species  of  the  genus  Crocodilus,  also  the  relative  mie  and  distribu- 
tion of  the  teeth  is  different  from  any  species  of  that  genus.  The  sym- 
physial  surface  extends  back  to  a  point  opposite  the  third  or  fourth  of 
the  group  of  eight  small  alveoli. 

Surface. — The  anterior  portion  of  the  external  surface  is  excavated 
by  numerous  small  pits;  on  the  ventral  portion  of  the  anterior  end  of  the 
external  siuf  ace  the  pits  are  elongate.  On  the  upper  portion  of  the  lateral 
surface,  especially  on  the  side  of  the  superior  process  of  the  dentary,  the 
surface  of  the  bone  is  smooth.  The  greater  part  of  the  external  surface  of 
the  angular  and  surangular  bones  is  sculptured  by  deep,  insular,  coarse- 
textured  pitting.  The  region  posterior  to  this  area  of  coarse  pitting,  on 
the  angular  and  articular  bones  antero-inferior  to  the  posterior  process  of 
the  articular,  is  smooth. 

Measurements 

Total  Length  of  Portion  of  Mandible  Preserved  21.3cm. 

Total  Length  of  Portion  of  Dental  Series  •  9.1 

Antero-posterior  Diameter  of  Second  Alveolus  .9 

Length  of  Row  of  Eight  Small  Alveoli  3.1 

Antero-posterior  Diameter  of  Eleventh  Alveolus  .9 

Depth  of  Symphysis  1.3 

Breadth  of  Ramus  at  Posterior  End  of  Symphysis  2.5 

Height  of  Ramus  at  Bottom  of  First  Concavity  1.4 

Height  of  Ramus  at  Superior  Process  of  Dentar>'  2.4 
Maximum  Height  of  Ramus  in  Angular-surangular 

Region  4.4 

Conclusions. — The  form  of  the  jaw  and  the  character  of  the  denti- 
tion clearly  indicate  that  this  specimen  did  not  belong  to  a  species  of  the 
genus  CrocodiluSj  although  it  is  certainly  referable  to  the  Crocodilia. 
It  is  doubtful  if  it  may  be  included  in  the  family  Crocodilidse.  The 
solution  of  this  problem  may  be  deferred  until  further  study  of  the 
Eocene  Crocodilia  has  been  made. 

For  the  reasons  outlined  above  the  specimen  is  referred  to  a  new 
genus,  which  may  be  called  Allognatbosuchus,  in  allusion  to  the  strange 
character  of  the  mandible,  with  Crocodilus  polyodan  Cope  as  the  t>T)e 
species,  now  becoming  Allognaihostichus  polyodon. 
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SuMMABY  OF  GENERIC  CHARACTERS. — Dental  scries  short  in  com- 
parison with  post-dental  portion  of  jaw;  prominent  elevation  or  process 
on  dentaiy  bone;  abrupt  elevation  from  dental  border  to  surangular 
border;  teeth  arranged  in  definite  groups,  sharply  set  off  from  each 
other  in  size;  all  teeth  close  together. 

Summary  of  Specific  Characters. — Two  very  large  teeth,  sepa- 
rated by  eight  small  teeth  facing  obliquely  outward  as  well  as  upward. 
Jaw  relatively  narrow. 

AUognathosuchvrS  heterodon  (Cope) 

In  the  collections  of  the  American  Museum  are  several  short,  broad 
crocodilian  skulls  in  which  the  posterior  teeth  are  flat  and  blunt,  not 
pointed  as  are  most  crocodilian  teeth;  with  these  skulls  are  a  number  of 
fragmentary  jaws  and  isolated  teeth.    All  are  from  the  Wasatch  Beds. 

These  skulls  and  teeth  agree  with  Cope's  descriptions  of  Crocodilus 
heterodon  and  with  the  type  of  that  species,  which  now  constitutes  U.  S. 
National  Museum  No.  4115  and  which  is  somewhat  fragmentary  in 
character;  the  skulls  may  be  referred  to  that  form.  On  comparing  the 
jaws  of  these  specimens  with  the  type  of  Allognaihosuchus  polyodoUy 
described  above,  a  striking  similarity  was  noted.  The  distribution  of 
large  and  small  teeth  is  similar  in  the  Wasatch  jaws  to  that  of  A .  polyodon. 
The  large  superior  process  of  the  dentary,  which  is  so  prominent  in  the 
latter  species,  is  also  possessed  by  the  Wasatch  specimens.  It  therefore 
seems  advisable  to  consider  the  Wasatch  form  generically  identical  with 
A,  polyodon.  Detailed  characters  of  the  form  of  the  jaw  and  conse- 
quently of  the  skull,  also  of  the  teeth,  differ  from  those  of  A.  polyodon. 
The  Wasatch  form  is  therefore  not  identical  specifically  with  A.  polyodon, 
Crocodilus  heterodon  Cope  therefore  becomes  AUognaihosuchus  heterodon 
(Cope).  The  skulls  need  further  preparation  before  complete  descrip- 
tion may  be  attempted.  The  specific  characters  which  they  exhibit 
may  be  indicated  here,  however. 

Summary  of  Specific  Characters. — Skull  and  jaws  very  broad  in 
proportion  to  their  length.  External  narial  aperture  very  broad.  Seven 
or  eight  small  teeth  between  two  large  teeth  in  anterior  and  middle  parts 
of  jaw.  Posterior  three  teeth  on  either  side  in  both  upper  and  lower  jaws 
flat  and  blunt,  with  the  crowns  lower  than  they  are  broad  or  long;  in 
unworn  teeth  fine  striations  radiate  outward  from  the  center  of  the 
crown. 
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Remabks 

Allognathosiichus  evidently  represents  a  side  line  of  crocodilians, 
differing  from  the  normal  Eusuchian  type.  It  evidently  did  not  survive 
Eocene  time.  The  material  discussed  above  is  from  Bridger  and  Wasatch 
beds,  but  in  the  collections  of  Puerco  material  in  the  American  Museum 
are  some  small  flat  teeth  closely  resembling  those  of  A.  heterodon.  It 
seems  likely,  therefore,  that  the  genus  existed  in  Paleocene  as  well  as  in 
Eocene  time.  The  characters  of  the  skull  and  jaws  indicate  an  animal  of 
somewhat  different  adaptations  from  the  normal  crocodilians. 


PLATE  XV 


Plate  XV 

Left  Mandibular  Ramus  of  Alloffnatho»uchtt8  polyodon  (Cope) 

Three-fourths  natural  size 

U.  S.  Nat.  Mus.  No.  4112,  type  specimen 

Upper  Figure:  Superior  view 

Ix>wer  Fig;ure:  Lateral  view,  left  side 
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Article  XI.— DESCRIPTION   OF   A   SKULL    OF    A   BRIDGER 

CROCODILIAN^ 

By  Charles  C.  Mook 

Plates  XVI  and  XVII 

i 

Among  a  number  of  well-preserved  Tertiary  crocodilian  skulls  in 
the  American  Museum  collections  is  one  which  is  unusually  well  pre- 
served. This  specimen  (Amer.  Mus.  No.  6177)  consists  of  a  skull  and 
jaws.  The  skull  is  complete  except  for  the  lack  of  a  few  teeth  and  the 
extremities  of  some  delicate  processes;  it  is  very  slightly  distorted. 
The  jaws  are  not  so  well  preserved,  the  symphysial  portion  being  lacking. 
The  specimen  was  collected  in  1904  by  Paul  Miller  at  Henry's  Fork  Hill, 
in  Horizon  C4  of  the  Bridger  Beds. 

The  identification  of  the  skull  is  uncertain.  It  certainly  belongs 
to  a  species  of  CrocodiltiSj  but  the  present  state  of  knowledge  of  the 
Eocene  Crocodilia  renders  an  accurate  specific  identification  difficult,  if 
not  impossible.  The  characters  of  the  skull  agree  very  well  with  March's 
description  of  Crocodilus  affinis.  There  are  several  other  Bridger  species 
oiCrocodilus  described  in  the  literature,  based  for  the  most  part  on  frag- 
mentary specimens.  Until  a  careful  comparison  of  the  type  specimens 
of  these  various  species  is  made  the  specific  identification  of  the  Eoioene 
'^nxvoiies  is  uncertain.  Provisionally  the  skull  described  is  referred  to 
Crocodilus  affinis  Marsh. 

General  Form 

In  genera)  form  the  skull  is  very  short  and  broad.  It  is  low  vertically 
and  relatively  flat  on  its  superior  surface;  this  does  not  appear  to  be  due 
to  crushing. 

The  snout  is  slightly  more  than  one  and  one-third  times  as  long  as  it 
i^^  broad  at  the  base.    The  muzzle  is  narrow,  being  less  than  one-half  as 
hroad  as  the  snout  at  its  base.     The  constriction  at  the  premaxillo- 
maxillar}'  suture  is  deep;  posterior  to  this  the  snout  broadens  consider- 
ably to  the  level  of  the  fifth  maxillary  teeth;  at  the  level  of  the  seventh 
Qiaxillar>'  teeth  the  snout  is  very  slightly  constricted.     The  superior 
surface  of  the  snout  is  very  flat. 

The  interorbital  region  is  very  flat.  The  cranial  table  is  moderately 
flat  and  is  considerably  broader  than  it  is  long.  Its  lateral  borders 
converge  very  slightly  forward.    Its  posterior  border  is  very  irregular. 


^'oDthbutions  to  the  Oateolocy,  Affinities,  and  Distribution  of  the  Crocodilia.    No.  8. 

Ill 
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The  Cavities  of  the  Skull 

SuPRATEMPORAL  Fexestrjb. — The  supratemporal  fenestrse  are 
moderately  large.  The  fenestra  of  the  right  side  is  nearly  circular,  and 
that  of  the  left  side  is  elliptical  in  outline;  this  difference  may  be 
attributed  to  distortion.    The  interfenestral  space  is  narrow. 

Infratemporal  Fenestra. — These  fenestrse  are  not  especially 
characteristic,  except  that  they  face  almost  directly  upward;  they  are 
scarcely  visible  when  the  skull  is  viewed  from  the  side. 

Orbits. — These  cavities  are  large  and,  like  the  infratemporal 
fenestrse,  face  almost  directly  upward.  The  space  between  them  is  rf 
moderate  breadth.  The  breadth  of  the  orbits  is  great  in  proportion  to 
their  length. 

External  Narial  Aperture. — This  cavity  is  about  the  same  are 
as  either  of  the  supratemporal  fenestrse,  possibly  being  very  slightly 
smaller.  It  is  subquadrangular  in  outline;  its  anterior  border  is 
practically  straight,  and  its  lateral  borders  converge  very  slightly 
in  the  posterior  direction.  Vestiges  of  a  median  septum  indicate  that 
the  aperture  was  at  least  partly  divided. 

Premaxillary  Foramen. — The  premaxillary  foramen  is  large.  It 
is  somewhat  longer  than  broad,  but  is  not  slender.  It  is  pointed  at  its 
anterior  end  and  is  broadly  rounded  on  its  lateral  borders  and  its 
posterior  end. 

Palatine  Fenestilb. — These  fenestrse  are  very  large.  They  are 
somewhat  irregular  in  outline.  Their  external  and  internal  borders 
are  both  curved.  The  posterior  end  is  broadly  rounded;  the  anterior 
end  is  rounded,  but  more  acutely.  The  fenestrse  extend  forward  as  far 
as  the  level  of  the  ninth  maxillary  teeth. 

Internal  Narial  Aperture. — This  cavity  is  large ;  it  f sices  directly 
downward.  It  is  situated  near,  but  not  at  the  iX)sterior  ends  ci  the 
pterygoid  bones. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  small.  They  occupy  a 
considerably  smaller  area  on  the  superior  surface  of  the  skull,  compared 
with  that  occupied  by  the  maxillaries,  than  in  most  crocodilians.  The 
anterior  mass  of  the  bone  is  not  sharply  separated  from  the  posterior 
process,  but  merges  into  it;  this  posterior  process  extends  back  as  far 
as  the  level  of  the  fourth  maxillary  teeth. 

On  the  palate  the  suture  Ix^tween  the  premaxillaries  and  the  maxil- 
laries is  very  inegular.  On  each  side  it  extends  irregularly  inward 
and  backward  as  far  as  the  level  of  the  posterior  edge  of  the  first  maxil- 
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lar>'  tooth,  then  inward  and  forward  as  far  as  the  level  of  the  anterior 
end  of  the  first  maxillary  tooth,  then  inward  and  backward  to  the  median 
line,  which  it  meets  at  the  level  of  the  anterior  edge  of  the  third  maxil- 
lar>'  tooth.  From  the  median  line  it  extends  in  reverse  order  to  the 
"  canine  "  notch.    All  parts  of  the  suture  are  irregular. 

The  right  premaxillary  contains  alveoli  of  four  teeth,  some  of  which 
are  partially  preserved;,  the  left  premaxillary  contains  alveoli  of  five 
teeth,  of  which  No.  4  is  well  preserved.  This  tooth  is  stout  and  long; 
it  extends  a  considerable  distance  below  the  dental  border,  and  was  evi- 
dently not  fully  imbedded  in  its  alveolus  when  buried.  The  tooth  which 
is  lacking  on  the  right  side  is  the  small  No.  2.  There  are  no  small  fora- 
mina in  the  premaxillaries  caused  by  piercing  of  the  upper  jaw  by  the 
teeth  of  the  lower,  but  there  is  a  pair  of  larg^,  deep  pits,  which  evidently 
lodgied  the  first  mandibular  teeth,  anterior  and  exterior  to  the  premaxil- 
lary foramen  and  posterior  and  internal  to  the  first  premaxillary  teeth. 

Maxillaries. — The  maxillaries  are  large,  especially  in  the  trans- 
verse diameter.  Their  contacts  with  the  nasals  are  unusually  short,  being 
only  about  28  per  cent  of  the  total  length  of  the  bones  themselves.  The 
contacts  with  the  lacrymals  are  somewhat  complex;  they  extend  back- 
ward a  short  distance  from  their  anterior  ends  in  the  same  direction  as 
the  maxillo-nasal  sutures,  then  turn  almost  directly  outward  for  a  short 
distance,  and  then  turn  back  in  a  direction  similar  to  their  anterior  por- 
tions. The  maxillo-jugal  sutures  are  very  irregular.  They  occupy  very 
little  space  in  the  longitudinal  direction,  though  their  transverse  com- 
ponent of  length  is  considerable. 

On  the  palate  the  sutural  connection  with  the  premaxillaries  has 
been  described.  The  median  suture  of  the  two  maxillaries  with  each 
other  is  short.  The  suture  with  the  two  palatines  is  almost  semicircular 
in  outline;  the  anterior  convexity  does  not  extend  forward  to  the  level  of 
the  anterior  ends  of  the  palatine  fenestrse;  in  this  respect  the  skull  differs 
from  all  modem  crocodilian  skulls  except  perhaps  OateoUemus  and  OsUo- 
blepharan.  The  sutures  with  the  ectopterygoids  lie  opposite  four  maxil- 
lary teeth. 

Each  maxillary  contains  alveoli  for  fifteen  teeth.  Most  of  these  are 
preserved.  The  teeth  are  all  very  stout;  the  anterior  ones  are  somewhat 
curved;  the  posterior  ones  are  more  nearly  conical.  The  teeth  are  all 
cioee  together,  the  only  notable  spacing  being  between  the  sixth  and 
seventh  teeth  and  this  is  less  than  in  most  crocodilian  skulls. 

Nasals. — The  nasals  extend  forward  a  considerable  distance  into 
the  narial  aperture.    They  broaden  rapidly  to  the  points  of  contact  of 
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premaxillaries,  maxillaries,  and  nasals,  and  then  more  gradually  to  their 
broadest  portions,  where  maxillaries,  nasals,  and  lacrymals  meet.  Pos- 
terior to  this  point  they  narrow  rapidly  and  irregularly,  ending  in  a  vcty 
irregular,  but  generally  transverse,  suture  with  the  frontal. 

Lacrymals. — The  lacrymal  bones  are  unusually  broad.  Their 
lateral  borders  are  nearly  parallel  throughout  most  of  their  length; 
their  anterior  processes  are  narrow  and  sharp  and  are  sharply  separated 
off  from  the  main  mass  of  the  bone.  Their  sutures  with  the  nasals  aie 
short. 

Prefrontals. — These  bones  are  of  moderate  size.  They  are  char- 
acterized by  the  shape  of  their  boundaries,  which  consist  of  three  curves 
on  each  side.  The  external  contacts,  with  the  lacrymals  chiefly,  extend 
forward  and  inward  in  a  sUghtly  curved  direction,  with  the  convent)' 
of  the  curve  inward;  the  internal  contacts,  with  the  frontal  and  nasals, 
extend  forward  and  outward  and  meet  the  external  boundaries  with  a 
sharp  point  at  the  anterior  end  of  the  bone.  The  convexity  of  the 
curve  of  the  internal  border  is  directed  inward.  The  third  boundaiy 
curves  occupy  portions  of  the  anterior  walls  of  the  orbits,  their 
convexities  facing,  of  course,  inward  and  forward. 

Frontal. — The  frontal  is  very  flat.  Its  anterior  process  is  broad, 
especially  at  its  anterior  end.  It  is  not  sharply  set  off  from  the  posterior 
plate.  No  part  of  the  frontal  forms  a  portion  of  the  borders  of  the  supra- 
temporal  fenestrse. 

PosTORBiTALs. — These  bones  are  relatively  small.  They  comprise 
about  one-third  of  the  lateral  borders  of  the  supratemporal  fenestrs. 
They  occupy  about  three-fifths  as  much  of  the  surface  of  the  cranial 
table  as  the  squamosals. 

Squamosals. — The  squamosals  are  comparatively  small,  owing  to 
the  large  size  of  the  supratemporal  fenestrae.  They  are  broad  in  propor- 
tion to  their  length,  but  not  in  proportion  to  the  breadth  of  the  skull; 
they  occupy  slightly  more  than  three-fifths  of  the  posterior  border  of  the 
cranial  table. 

Parietal. — The  parietal  is  unusually  broad.  It  is  narrow  between 
the  fenestrae,  but  expands  rapidly  anterior  to  these  cavities. 

SuPRAOCciPiTAL. — The  portion  of  the  supraoccipital  exposed  on  the 
superior  surface  of  the  skull  is  very  broad  laterally,  and  very  short 
antero-posteriorly;  its  posterior  border  is  concave.  On  the  posterior 
surface  of  the  skull  the  supraoccipital  extends  downward  about  three- 
fifths  of  the  distance  from  the  superior  border  to  the  foramen  magnum; 
its  breadth  is  about  three  times  as  great  as  its  height. 
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JuGALS. — The  jugal  bones  are  relatively  short  and  broad;  they 
occupy  an  unusually  large  area  on  the  surface  of  the  skull.  Their  sutures 
with  the  maxillaries  are  more  nearly  transverse  than  in  most  crocodilians. 
The  sculpture  of  the  bones  is  weak. 

QuADRATO-juGALs. — The  quadrato-jugals  are  nearly  smooth,  the 
pitting  being  scarcely  visible.  The  anterior  points,  which  project  into 
the  infratemporal  fenestrse  in  the  living  species  of  Crocodilua  and  Tomi- 
stoma  may  or  may  not  have  been  present;  the  anterior  ends  of  the  bones 
are  not  completely  preserved. 

Quadrates,  Exoccipitals,  and  Basioccipital. — These  bones  are 
characteristic  in  their  great  breadth  and  the  stoutness  of  their  construc- 
tion. 

Palatines. — The  palatine  bones  are  remarkably  short.  They  do 
not  extend  as  far  forward  as  the  anterior  ends  of  the  palatine  fenestrse, 
and  their  posterior  ends  are  anterior  to  the  level  of  the  posterior  ends  of 
these  fenestrsB.  The  suture  with  the  pterygoids  is  essentially  transverse 
in  direction.  Their  broadest  portion  is  at  the  points  where  the  maxillo- 
palatine  suture  reaches  the  fenestral  borders.  The  narrowest  portion  is 
very  slightly  anterior  to  the  posterior  ends  of  the  bones. 

Pterygoids.— ^The  pterygoids  are  broad  and  flat;  the  flatness  may  be 
partially  due  to  distortion.  They  occupy  unusually  large  portions  of  the 
posterior  borders  of  the  palatine  fenestrse.  They  occupy  a  greater  area 
posterior  to  the  internal  narial  aperture  than  in  the  modern  crocodiles. 

EkrroPTERYGOiDs. — The  three  processes  of  each  ectopterygoid  are 
all  short,  but  are  all  stoutly  constructed.  The  lateral  diameter  is  greater 
than  in  most  crocodilians. 

Measurements 

Length  of  Skull,  Supraoccipital  to  Tip  of  Snout  '  42 .  7cm. 

Length  of  Skull,  Ends  of  Quadrates  to  Tip  of  Snout  48 . 9 

Breadth  Across  Quadrates  29 . 1 

Breadth  Across  Posterior  End  of  Cranial  Table  13 . 7 

Breadth  Across  Snout  at  Base  20 . 7 

Breadth  Across  Snout  at  Level  of  Fifth  Maxillary  Teeth  14 . 4 
Breadth  Across  Snout  at  Notch  8 . 3 

Breadth  Across  Snout  at  MuEzle  9 . 7 

Length  of  Snout  28.6 

Length  of  Right  Premaxillary  on  Superior  Surface  12 . 8 

Length  of  Premaxillaries  on  Palate  10 . 3 

Length  of  Palatine  at  Median  Line  11.0 

Breadth  of  Pterygoids  18.2 
Maximum  Diameter,  Right  Supra  temporal  Fenestra  4.3 

Maximum  Diameter,  Left  Supra  temporal  Fenentra  4.7 
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Length,  Right  Orbit  6.2 

Length,  Left  Orbit  6.8  (eet.) 

Breadth,  Right  Orbit  5.0 

Breadth,  Left  Orbit  5.4 

Length  External  Narial  Aperture  3 . 7 

Breadth  External  Narial  Aperture  3.7 

Length,  Premaxillary  Foramen  2.9 

Breadth,  Premaxillary  Foramen  2.0 

Length,  Right  Palatine  Fenestra  12.0 

Maximum  Breadth,  Right  Palatine  Fenestra  6.1 

Length,  Left  Palatine  Fenestra  11.6 

Maximum  Breadth,  Left  Palatine  Fenestra  6.0 

Breadth  of  Internal  Narial  Aperture  2.8 

Other  Material 

Several  other  skulls  appear  to  be  conspecific  with  the  one  described. 
Of  these,  Amer.  Mus.  No.  6176  agrees  very  closely  so  far  as  comparison 
is  possible.  The  skull  is  badly  distorted,  making  direct  comparison  diffi- 
cult. Amer.  Mus.  No.  1719  is  well  preserved  but  has  not  yet  received 
sufficient  preparation  for  accurate  determination  of  characters.  This 
specimen  includes  representative  portions  of  nearly  all  parts  of  the  skele- 
ton. It  will  be  described  later.  Amer.  Mus.  No.  4988  is  similar  in  many 
respects  and,  when  prepared  for  study,  may  prove  to  be  conspecific. 
All  of  these  specimens  are  from  approximately  the  same  horizon. 


PLATE  XVI 


Plate  XVI 

Skull  of  Crocodilus  sp.  cf  affinia  Manh 

Amer.  Mus.  No.  6177 

About  one-third  natural  sue. 

Superior  view 


Plate  XVII 

Skull  of  Crocodihis  sp.  cf.  affinitt  Marsh 

Amer.  MuB.  No.  6177 

AlK)ut  one-third  natural  sise 

Inferior  view 
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Article  xn.— THE  SKULL  OF  CROCODILUS  ACER  COPE^ 

By  Charles  C.  Mook 

PLA1E8   XVIII    AND  XIX 

Crocodilus  acer  was  originaUy  described  by  Cope  in  the  American 
Naturalist  in  1882.  The  original  description  was  very  brief,  and  no 
definite  type  was  mentioned.  A  figure  accompanying  this  description 
clearly  indicates  American  Museimi  Cope  Coll.  No.  1240.  In  the 
Tertiary  Vertebrata'  Cope  described  this  skull  more  fully  and  figured 
both  superior  and  lateral  aspects  of  it.  He  stated  in  this  description 
that  the  skull  was  the  only  one  in  his  possession  and  that  it  was  collected 
in  the  Manti  Beds  of  Utah.  This  second  description  brings  out  the 
essential  characters  of  the  specimen  but  is  in  error  in  at  least  one  point 
and  fails  to  sufficiently  emphasize  certain  diagnostic  characters.  It  is  the 
purpoee  of  the  present  description  to  redescribe  the  type,  giving  proper 
emphasis  to  its  diagnostic  characters. 

General  Form 

In  general  form  the  skull  is  long  and  narrow;  the  snout  is  slighty 
over  twice  as  long  as  it  is  broad  at  the  base.  The  region  of  the  external 
narial  aperture  is  relatively  broad.  The  superior  surface  of  the  snout  is 
ver\'  flat ;  the  surface  of  the  cranial  table  is  scarcely  elevated  above  that 
of  the  snout.  The  cranial  table  is  considerably  broader  than  it  is  long, 
and  the  space  between  the  supratemporal  fenestrse  is  relatively  broad. 

The  Cavities  of  the  Skull 

Supratemporal  Fenestile. — These  fenestrse  are  comparatively 
small,  and  are  relatively  far  apart;  in  outline  they  are  nearly  circular. 

Infratemporal  FENESTRiE. — The  infratemporal  fenestrse  are  rela- 
ti\'ely  large.  They  face  more  nearly  upward  than  in  most  of  the  living 
crocodiles. 

Orbits. — The  orbits  are  of  moderate  size.  They  are  conspicuously 
pointed  anteriorly.  Their  internal  and  posterior  borders  arc  symmetrical 
cur\'es,  and  their  external  borders  are  straight  oblique  lines.  They  are 
^nsiderably  longer  than  broad. 


'Contributions  to  the  Osteology,  Affinities,  and  Distribution  of  the  Crocodilia.    No.  9. 


118  Bulletin  American  Museum  of  Nsttural  HvsUjrfi  [Vol.  XLIV 

External  Narial  Aperture. — This  cavity  is  unusuaUy  larg^;  it 
is  considerably  larger  than  either  of  the  supratemporal  fenestra.  Its 
anterior  border  is  broadly  rounded  and  its  lateral  borders  conveige 
sUghtly  in  the  posterior  direction.  The  nasal  bones  enter  the  cavity  as  a 
sharp  process. 

Premaxillary  Foramen. — The  premaxillary  foramen  is  very  laige; 
it  is  somewhat  longer  than  broad.  Its  anterior  end  is  sharply  pointed; 
the  remainder  of  its  outline  is  smoothly  rounded. 

Palatine  FENESTRis. — The  palatine  fenestra©  are  very  long  and 
narrow;  their  length  is  over  twice  their  maximum  breadth.  Their  inner 
borders  are  nearly  parallel;  their  external  borders  extend  from  their 
anterior  ends  (slightly  posterior  to  the  ninth  maxillary  teeth)  parallel 
with  the  external  border  of  the  jaw  to  the  level  of  the  posterior  ends  of  the 
dental  series,  then  bend  sharply  inward  and  backward  to  the  posterior 
ends  of  the  fenestr».  Both  anterior  and  posterior  ends  are  rounded, 
but  not  broadly. 

Internal  Narial  Aperture. — The  internal  narial  aperture  is 
small;  it  is  subcircular  in  form,  and  is  situated  near  the  posterior  end  of 
the  pterygoid  plate,  farther  back  than  in  most  Eocene  crocodiles. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillary  bones  are  very  long  and 
slender.  They  occupy  nearly  one-third  of  the  total  length  of  the  skulL 
Their  slender  posterior  processes  extend  back  to  the  level  of  the  fourth 
maxillary  teeth. 

On  the  palate  the  premaxillaries  extend  backward  only  as  far  as  the 
level  of  the  first  maxillary  teeth.  The  premaxillo-maxillary  suture  is 
exceedingly  irregular. 

Maxillaries. — These  bones  are  very  long  and  narrow.  Their 
sutures  with  the  nasals  occupy  only  one-third  of  their  total  lengths. 
Their  sutures  with  the  lacrymals  and  jugals  are  more  nearly  antero- 
posterior than  transverse  in  direction. 

On  the  palate  the  length  of  the  maxillaries  along  the  median  line  is 
considerable.  Along  the  median  line  the  maxillaries  meet  the  palatines 
at  the  level  of  the  ninth  maxiUary  teeth,  only  slightly  anterior  to  the 
anterior  ends  of  the  palatine  fenestras  The  total  length  of  the  maxillo- 
palatine  suture  is  not  great,  the  maxillaries  occupying  only  a  very  smaD 
portion  of  the  inner  border  of  the  palatine  fenestrse. 

Nasals. — Like  the  preceding  bones,  the  nasals  are  long  and  slender. 
They  enter  the  narial  aperture  as  a  slender  process.     They  broaden 
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gradually  from  their  anterior  extremities  to  the  point  of  their  maximum 
breadth,  along  their  contacts  with  the  lacrymals.  From  that  level  back 
to  their  posterior  ends  they  decrease  in  breadth  very  rapidly.  About 
four-fifths  of  their  total  length  is  included  in  the  area  anterior  to  the 
broadest  point. 

Lacrymals. — These  bones  are  long  and  narrow.  Their  longest 
diameters  converge  slightly  in  the  anterior  direction.  They  are  con- 
siderably larger  than  the  prefrontals;  their  sutures  with  the  maxiUaries 
are  irregular. 

Prefrontals. — The  prefrontals  are  small;  they  converge  slightly 
in  the  anterior  direction.    Their  anterior  ends  are  sharp. 

Frontal. — The  frontal  is  characteristic  in  form.  It  narrows 
regularly  from  its  point  of  greatest  breadth  posterior  to  the  orbits  to  its 
contact  with  the  nasals.  The  interorbital  plate  is  moderately  broad  and 
is  flat.  The  contacts  of  the  frontal  with  the  prefrontals  are  direct  con- 
tinuations of  the  orbital  borders  of  the  frontal;  in  most  crocodilians  the 
fronto-prefrootal  sutures  are  directed  sharply  inward  from  the  orbit, 
then  turn  sharply  forward.  The  anterior  process  of  the  frontal  narrows 
verj"  gradually;  at  its  very  irregular  contact  with  the  nasals  it  still  has 
considerable  breadth. 

Postorbitals. — These  bones  are  very  small.  Each  occupies  less 
than  one-third  of  the  lateral  border  of  the  cranial  table,  and  that  only  at 
the  surface,  the  anterior  processes  of  the  squamosals  projecting  outward 
so  as  to  be  visible  beyond  the  postorbitals.  The  orbital  border  of  each 
postorbital  is  greater  than  its  lateral  border. 

Squamosals. — The  squamosal  bones  are  very  large,  especially  in 
their  antero-posterior  diameters.  Each  occupies  more  than  two-thirds 
of  the  lateral  border  of  the  cranial  table,  and  its  antero-inferior  process, 
which  extends  forward  beneath  the  postorbital,  projects  outward  so  as 
to  be  visible  from  above. 

The  transverse  diameter  of  each  squamosal  is  relatively  small; 
it  occupies  considerably  less  than  one-third  of  the  posterior  border  of  the 
cranial  table,  in  correlation  with  the  large  size  of  the  parietal  and  supra- 
occipital  bones. 

Parietal. — This  bone  is  large,  especially  in  the  transverse  direction. 
With  the  supraoccipital  it  occupies  over  one-third  of  the  posterior  border 
of  the  cranial  table;  at  least  half  of  this  space  is  occupied  by  the  supra- 
rxTipital,  however.  The  space  between  the  supra  temporal  fenestrae  is 
relatively  large. 
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SuPRAOCCiPiTAL. — As  noted  by  Cope,  this  bone  is  very  large.  It  is 
relatively  larger  than  in  any  other  crocodilian,  either  living  or  esctinct, 
examined  by  the  writer.  It  occupies  over  one-sixth  of  the  posterior 
border  of  the  cranial  table  and  extends  forward  almost  to  the  level  of  the 
posterior  ends  of  the  supratemporal  fenestra.  On  the  posterior  surface 
of  the  skuU  it  extends  downward  two-thirds  of  the  distance  from  the 
superior  border  to  the  foramen  magnum. 

JuGALS  AND  QuADRATo-juGALS. — These  bones  are  characteri^d 
by  their  long,  slender  form. 

Quadrates,  Basioccipital,  and  Basisphenoid. — These  bones  are 
not  especially  characteristic. 

Palatines. — The  palatine  bones  are  long  and  slender.  They  ex- 
tend only  slightly  farther  forward  than  the  level  of  the  anterior  ends  of 
the  palatine  fenestrae.  They  extend  to  the  level  of  the  ninth  maxillar>' 
teeth,  while  the  fenestrae  extend  only  to  the  tenth.  The  broadest  portion 
is  at  the  level  of  the  eleventh  maxillar>'  teeth.  The  posterior  end  is 
anterior  to  the  level  of  the  posterior  ends  of  the  fenestrae.  The  palatine- 
pterygoid  suture  is  irregular  and  nearly  directly  transverse  in  direction. 
The  two  palatines  together  are  Uttle,  if  any,  broader  at  their  posterior 
ends  than  farther  forward. 

Pterygoids. — The  pterygoids  are  incompletely  preserved,  but 
enough  remains  to  indicate  that  they  were  very  short  antero-posteriorly 
and  broad  laterally.  They  extend  forward  between  the  palatine  fene- 
strae for  a  short  distance. 

EcTOPTERYGOiDs. — The  superior  and  anterior  processes  of  the 
ectopterygoids  are  slender,  and  the  postero-inferior  process  is  stout. 
The  anterior  processes  extend  forward  to  the  level  of  the  twelfth  maxil- 
lary teeth  and  lie  internal  to  four  maxillary  teeth  on  each  side.  The 
ectopterygoids  occupy  over  two-thirds  of  the  external  borders  of  the 
palatine  fenestrae. 

Measurements 

Length,  Total  38.7cm. 

Length,  Tip  of  Snout  to  Orcipital  Condyle  35 . 5 

Ix'ngth,  Tip  of  Snout  to  Supraoecipital  34.0 

Length  of  Snout  23 .  o 

Breadth  of  Skull  Across  QuadratojugBis  18.7 

Breadth  of  Oanial  Table,  Anterior  End  8.9 

Breadth  of  Snout  at  Ba.se  *                                                  11.4 

Breadth  of  Snout  at  Fifth  Maxillary  Teeth  6.96 

Breadth  of  Snout  at  Notch  4 . 9 

Breadth  of  Snout  at  Fourth  Preniaxillarv  Teeth  5.7 
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Length  of  Right  Orbit  5 . 0 

Length  of  External  Narial  Aperture  3 . 8 

Length  of  Premaxillary  Foramen  2.5 

Length  of  Ri^^t  Palatine  Fenestra  9 . 6 


Platb  XVIII 

Skull  of  Crocodilus  acer  Cope 

Amer.  Mus.  Cope  Coll.  No.  1240,  type  specimen 

About  one-half  natural  sise 

Superior  view 


Plate  XIX 

Skull  of  Crocfxiilun  acer  Cope 

Amer.  M118.  Cope  Coll.  No.  1240,  type  specimen 

About  one-half  natural  size 

Inferior  view 
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INTRODUCTION 

The  present  studies  of  the  skull  characters  of  modern  crocodiliaos 
were  made  to  afford  a  basis  of  comparison  for  fossil  species.  To  the 
writer's  knowledge  no  complete  descriptions  of  the  skulls  of  the  vaiioos 
living  crocodiles  have  been  published,  although  many  works  of  great 
value  are  available.  Schneider,  Wagler,  Spix,  Gray,  Cuvier,  Dumdil 
and  Bibron,  Miiller,  Gadow,  Huxley,  and  others  have  either  suinmariied 
the  characters  of  the  living  species,  or  described  some  of  them  in  great 
detail.  L.  C.  Miall's  study  of  the  crocodilian  skull  is  a  work  of  veiy 
great  value;  Briihl's  atlas  contains  useful  comparative  figures  and 
descriptions.  Boulenger's  catalogue  is  the  most  complete  and  up  to 
date  summary';  it  has  been  followed  closely  in  the  present  studies,  and 
the  specific  nomenclature  and  synonjany  has  been  adopted,  except  ia 
the  case  of  the  caimans,  which  Boulenger  groups  into  one  genus,  audi 
which  are  here  considered  as  members  of  two  genera,  following  the  usag© 
of  Huxley.  Schmidt's  recent  work  on  the  Congo  reptiles  contains  valu- 
able figures  of  the  African  crocodilians,  with  notes  on  their  structure  and 
habits,  besides  a  description  of  a  new  genus. 

The  writer  is  indebted  to  Prof.  H.  F.  Osborn  and  Dr.  W.  D.  Matthew 
for  the  opportunity  to  make  the  studies  here  summarised.  Prrf. 
Oslx)rn,  Dr.  Matthew,  and  Prof.  W.  K.  Gregory  have  all  made  valuaUe 
suggestion?.  The  members  of  the  Department  of  Herpetology  have 
assisted  in  making  the  extensive  collections  of  Recent  Crocodilia  avail- 
able for  study.  Dr.  Thomas  Barl^our  placed  the  great  collections  of  the 
Museum  of  Comparative  Zoology  at  the  writer's  disposal  for  study,  and 
has  loaned  many  specimens  of  species  otherwise  unavailable.  Dr. 
A.  G.  Ruthven,  of  the  University  of  Michigan,  has  loaned  several  skulls 
of  South  American  crocodiUans,  and  Dr.  A.  S.  Pearse,  of  the  University 
of  Wisconsin,  has  aided  in  securing  material  for  study.  The  drawing 
were  prepared  by  Mr.  E.  S.  Christman  and  Mr.  Wesley  Seim. 

In  these  descriptions  characters  common  to  all  crocodilians  have 
been  omitted,  so  far  as  possible;  the  purpose  of  the  descriptions  is  for 
comparison,  and  the  attempt  was  made  to  render  the  descriptions  of  the 
various  parts  of  the  skulls  comparative  in  nature. 

Characters  which  have  hitherto  been  used  in  limiting  genera  and 
species  of  crocodilians  include  the  following  list:  size,  proportions, 
especially  in  regard  to  the  relative  length  and  breadth  of  the  snout, 
general  form  of  the  skull,  size  and  relative  positions  of  the  supratemporal 
fenestrae,  size  and  relative  positions  of  the  orbits,  single  or  double  char- 
acter of  the  external  narial  aperture,  shape  of  the  premaxillo-maxillaiy 
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suture  on  the  palate,  shape  of  the  maxillo-palatine  suture  on  the  palate, 
size  and  shape  of  the  palatine  fenestrse,  irregularities  on  the  snout, 
degree  of  ossification  of  eyelids,  number,  position,  and  relative  sizes  of 
the  premaxillary  teeth,  the  character  of  the  spaces  between  the  teeth, 
the  manner  of  interlocking  of  premaxillary  and  maxillary  with  mandibu- 
lar teeth,  especially  in  regard  to  the  presence  of  a  pit  or  a  groove  on 
each  side  of  the  upper  jaw  to  receive  the  fourth  mandibular  tooth,  the 
number  of  teeth  in  the  mandible,  the  length  of  the  symphysis  of  the 
mandible,  and  the  presence  or  absence  of  the  splenial  bones  in  it,  the 
appearance  or  absence  of  the  pre  vomers  at  the  surface  of  the  palate, 
the  presence  or  absence  of  a  small  process  of  each   quadrato-jugal  into 
the  infratemporal  fenestra,  besides  many  characters  of  the  postcranial 
skeleton,  and  of  the  dermal  covering,  color,  etc.,  with  which  the  present 
studies  are  not  concerned. 

In  addition  to  these  characters  others  may  be  noted,  namely:  the 
contact  or  separation  of  the  lacrymal  bones  with  the  nasals,  the  presence 
of  the  parietal  along  the  posterior  border  of  the  cranial  table  or  its 
absence,  the  extent  of  the  supraoccipital  upon  the  cranial  table  (corre- 
lated with  the  last-mentioned  character),  the  shape  of  the  cranial  table, 
the  siae  and  shape  of  the  external  narial  aperture,  the  size  and  shape  of 
the  small  premaxillary  foramen  on  the  palate,  the  direction  of  the  teeth, 
the  position  and  form  of  the  internal  narial  aperture,  besides  many  small, 
but  constant  variations  in  the  outlines  and  relations  of  most  of  the  com- 
ponent bones. 

Characters  which  might  be  explained  as  due  to  individual  or  age 
variation  have  been  eliminated,  or  specially  explained,  so  far  as  possible; 
they  ha\'e  been  treated  elsewhere  as  the  subject  of  a  separate  study. 
Adaptive  characters  have  been  noted  in  some  cases,  but  no  attempt  was 
'^ade  to  consider  this  topic  fully.    In  the  descriptions  a  large  numlx^r  of 
individuals  was  used  whenever  possible,  eliminating  to  a  large  extent 
^ he  danger  of  describing  age  or  individual  characters  as  specific;  in  the 
species  of  which  only  one  or  two  specimens  were  available,  the  char- 
ters were  analyzed  for  possibilities  of  individual  or  age  variation  before 
^ticorporation  in  the  specific  descriptions.    The  comments  on  the  rela- 
tionships of  the  various  genera  are  based  upon  an  analytical  study  of  the 
characters  of  the  genera,  keeping  in  mind  distinctions  l^etween  palseotelic 
^iJd  caenotelic  characters,  as  emphasized  by  Professor  Gregory. 

Sixteen  species  are  described  more  or  less  fully  and  fourteen  are 
figured;  the  description  of  characters  of  the  four  species  of  which  no 
Material  was  available  (Crocodilus  johnstoni,  C.  siamensisy  Caiman  palpe- 
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brosuSf  and  Alligator  sinensis)  is  adapted  from  published  descriptions, 
partly  verified  from  alcoholic  specimens. 

In  all  forty-five  specimens  were  carefully  studied,  and  about  fifteen 
more  were  examined  for  comparison  and  verification.  The  distribution 
of  these  specimens  among  the  genera  and  species  is  as  follows:  Gaviidid 
gan^eticuH  1,  Tomistonia  schleUgii  2  (+1),  Crocodilus  caiaphractus  1,  C. 
irUermedius  1,  C.  afnericanus  11  (+6),C.m7oh*cu«  1  (+1),  C.  parosus^ 
{+2)yC.rhombifer  I ,  C , palustris  1  i+l)y08teoUemiL8  tetraspis  lyOsteotie- 
pharon  osborni  1,  Jacare  niger  2,  J,  sderops  8,  J.  latirostris  1,  Caiman 
trigonaius  1 ,  A  Hi  gator  mississippierms  9  ( + 5  or  6) .  This  does  not  include 
some  dried  and  alcoholic  specimens  which  were  also  used  for  verification 
of  some  characters. 

Oavialis  Cuvier 
Generic  Characters 

The  skull  of  this  species  is  excessively  long  and  slender.  Boulen^r 
states  that  the  generic  characters  are:  "27  to  29  upper  and  25  or  26 
lower  teeth  on  each  side,  anterior  largest;^  laterals  subequal,  not  received 
into  interdental  pits;  the  first,  second,  and  third  mandibular  fitting 
into  notches  in  the  upper  jaw.  Snout  extremely  long  and  elongate, 
dilated  at  the  end;  nasal  bones  comparatively  short,  widely  separated 
from  the  premaxillaries;  nasal  opening  smaller  than  the  supratemporal 
fossse;  lower  anterior  margin  of  orbit  (jugal)  raised;  [this  raised  margin 
also  includes  lacrymal  and  prefrontal]  a  very  small  anterior  bony  plate  in 
the  upper  eyelid.  Mandibular  symphysis  extremely  long,  extending  to 
the  23rd  or  24th  tooth,  comprising  the  splenial  bones."  Elach  quadrato- 
jugal  possesses  a  small  anterior  process  which  projects  into  the  infra- 
temporal fenestra. 

The  characters  of  the  genus  differ  widely  from  those  of  the  other 
living  crocodilians.  In  spite  of  the  fact  that  Tomistoma  is  in  many 
rosfxicts  intennediato  between  this  genus  and  Crocodilus^  there  is  no 
appreciable  gradation  in  characters  between  the  gavial  and  the  true  crocodUu^ 
Tomistoma  l)eing  much  closer  to  Crocodilus  than  to  GatricUis.  The 
exwssively  long  snout,  the  abrupt  expansion  at  its  base,  the  extremely 
large  supratemporal  fencstrse,  the  separation  of  the  nasals  from  the  pre- 
maxillaries, the  large  number  of  teeth,  and  the  exceedingly  long  mandibu- 
lar symphysis  are  all  resemblances  to  the  Mesozoic  marine  crocodiles. 
It  is  quite  probable  that  Gavialis  was  either  derived  independently  from 
the  other  Eusuchian  crocodiles,  or  was  separated  from  the  primitive 
Eusuchian  stem  near  its  base.  It  certainly  approaches  their  condition 
much  more  closely  than  does  any  other  living  crocodile. 
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Gavialis  gangeticus  (Gmel.) 

The  description  of  the  skull  of  this  species  is  based  chiefly  upon  a 
single  specimen  in  the  American  Museum  Collections  (Amer.  Mus.  No. 
15176),  and  to  a  slight  extent  upon  published  descriptions. 

General  Form 

The  general  form  of  the  skull  of  this  species  is  strikingly  different 
from  that  of  any  other  living  crocodile.  The  detailed  form  of  the  various 
component  bones  is  equally  at  variance  with  the  typical  crocodilian  skull. 

The  snout  is  excessively  long  and  narrow.  Its  length  is  over  three 
times  its  breadth  at  the  base.  Boulenger  states  that  young  individuals 
of  this  species  have  snouts  five  and  one-half  times  as  long  as  broad  at  the 
base.  From  the  base  of  the  snout  forward  the  latter  narrows  rapidly, 
so  that  throughout  the  greater  part  of  its  length  its  lateral  borders  are 
parallel.  At  the  tip  it  is  greatly  expanded;  the  expansion  extends  back 
to  a  point  a  short  distance  anterior  to  the  lateral  vertical  element  of  the 
premaxillo-maxillary  suture.  The  postero-external  borders  of  this  ex- 
panded portion  are  convexly  rounded,  and  are  sharply  separated  from 
the  lateral  borders  of  the  snout  posterior  to  them;  the  antero-external 
borders  of  the  expansion  are  nearly  straight  lines;  they  are  excavated 
below  the  level  of  the  surface  of  the  snout  for  reception  of  the  first 
mandibular  teeth.  On  each  side  of  the  anterior  expansion  of  the  snout, 
on  its  superior  surface  is  an  irregular,  more  or  less  sharp  process,  and 
posterior  to  this  a  smaller  one  of  like  nature.  The. longitudinal  profile 
of  the  snout  is  very  slightly  concave. 

Anterior  to,  also  slightly  below  each  orbit  is  a  prominent  ridge  of 
bone,  made  up  of  components  of  a  number  of  the  bones  of  the  skull; 
this  ridge  elevates  the  external  opening  of  the  orbit  a  considerable 
distance  above  the  level  of  the  snout.  The  interorbital  space  is  very 
broad.  The  cranial  table  is  very  broad  laterally,  but  is  relatively  short 
antero-posteriorly.  Its  lateral  borders  are  parallel;  they  are  not  simple 
edgies,  but  are  somewhat  grooved.  The  posterior  border  is  composed  of 
two  concave  loops.  At  a  lower  level  than  the  posterior  surface  of  the 
cranial  table  the  posterior  surface  of  the  skull  extends  backward  in  a 
complex  process,  or  group  of  processes,  all  composed  of  the  supraoccipital 
bone.  In  most  crocodilian  skulls  these  processes  arv  largely  hidden 
under  the  posterior  edge  of  the  cranial  table. 

On  the  palate  a  pair  of  bulbous  expansions  of  the  nasal  passage 
occupy  conspicuous  positions  at  the  posterior  ends  of  the  palatine  fenes- 
trse,  and  extend  upward  from  th(»ni  toward  the  roof  of  the  skull. 
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The  Cavities  of  the  Skull 

SuPRATEMPORAL  FENESTRiE. — The  supratemporal  fenestrse  are 
far  larger  in  size  than  in  any  other  Recent  crocodilian.  Each  of  them  is 
much  larger  than  the  external  narial  aperture,  which  itself  is  large.  The 
cavities  are  irregularly  rounded,  and  their  transverse  diameters  are 
greater  than  their  longitudinal.  They  are  separated  a  moderate  distance 
from  each  other.  They  bear  closer  resemblance  to  the  supratemporal 
fenestrffi  of  some  of  the  extinct  tomistomoid  crocodilians,  or  in  fact  to 
those  of  some  of  the  Mesozoic  marine  mesosuchian  crocodiles,  than  to 
those  of  any  other  living  species. 

Infratemporal  FENESTRiE. — These  fenestrae  differ  very  greatly 
from  the  infratemporal  fenestrse  of  other  modern  crocodiles.  They  are 
not  triangular,  as  in  most  species,  but  rounded;  their  length  is  greater 
than  their  height,  and  they  are  higher  near  their  anterior  than  near  their 
posterior  ends.  They  are  penetrated  at  their  posterior  ends  by  sharp 
processes  of  the  quadrato-jugals,  much  as  in  the  species  of  CrocodUm 
and  Tomistama;  the  processes  are  somewhat  different  in  form  from  those 
of  the  other  genera,  however. 

Orbits. — The  orbits  are  large  and  round;  they  are  separated  far 
from  each  other  by  a  concave  interorbital  plate.  Each  of  them  is  almost 
completely  encircled  by  a  rim  of  bone,  which  separates  it  off  more  or  less 
sharply  from  the  surrounding  portions  of  the  skull.  At  the  posterior  end 
this  rim  is  the  anterior  portion  of  the  cranial  table,  and  is  relatively  low; 
the  internal  portion  is  somewhat  higher,  and  the  anterior  and  antero- 
inferior portions  are  ver>'^  greatly  elevated.  The  postero-inferior  boun- 
dary of  the  orbit,  or  postorbital  bar,  is  situated  at  a  very  distinctly  lower 
level  than  the  circumorbital  ring. 

External  Narial  Aperture. — This  ca\'ity  is  very  peculiar  in  its 
shape.  It  consists  of  two  more  or  less  distinct  portions,  a  posterior  one, 
which  extends  down  into  the  nasal  passage,  and  an  anterior,  shallow  one, 
which  does  not  extend  into  the  nasal  passage,  and  is  more  or  less  acces- 
sory to  the  posterior  one.  The  posterior  element  of  the  aperture  is  large, 
and  it  is  roughly  triangular  in  outline,  with  the  apex  of  the  triangle 
directed  backward.  It«  borders,  except  the  anterior  one,  are  nearly 
vertical.  The  anterior  border  fomis  the  floor  of  the  anterior  element  of 
the  aixTtui-e.  It  is  inclined  in  position,  sloping  downward  toward  the 
posterior  portion.  Its  anterior  edge,  at  the  surface  of  the  snout,  is  con- 
cave backward. 

Premaxillary  Foramen. — The  premaxillarj'^  foramen  on  the  palate 
is  very  small,  and  is  simple  in  outline.    It  has  two  borders  only,  and 
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Fis.  1.  Skull  and  jaws  of  Ga»ta/i«9anyr/irii«Gniel.  Amer.  Muh.  No.  1517G.  one-eighth  natural  nice. 
.4,  superior  view  of  skull;  B,  lateral  view  of  skull,  left  side;  i\  lateral  view  of  mandible,  left  side;  D, 
•uperior  view  of  mandible,  left  aide;  B,  inferior  view  of  skuU. 


132  Bulletin  American  ^fll8eum  of  Natural  History  [Vol.  XLIY 

these  are  lateral  in  position;  they  are  concave  curves,  which  meet  at  the 
anterior  and  posterior  ends,  giving  the  cavity  sharp  anterior  and  posterior 
ends.    The  length  and  breadth  of  the  cavity  are  equal. 

Palatine  Fenestilb. — The  palatine  fenestra  are  different  in  shape 
and  in  position  from  those  of  any  other  living  crocodile.  They  are  short 
antero-posteriorly,  and  are  relatively  broad,  the  length  of  each  being 
considerably  less  than  twice  its  breadth.  They  extend  forward  to  the 
level  of  the  twenty-second  maxillary  teeth.  Their  anterior  ends  are  some- 
what rounded,  but  are  not  far  from  being  pointed.  Their  posterior  ends 
are  somewhat  irregular.  Their  external  borders  are  composed  of  two 
distinct  portions,  which  are  approximately  equal  in  length;  one  of  theae 
is  properly  an  antero-external  border,  and  the  other  a  postero-exteraal 
border.  The  internal  border,  considered  at  the  level  of  the  palate  only, 
and  neglecting  the  great  bulbous  expansion  of  the  nasal  passage,  is  a 
simple  concave  edge.  The  great  expansion  mentioned  above,  however, 
spreads  out  laterally  into  each  fenestra,  and  then  bends  toward  the 
palatine  surface;  the  lower  surface  of  each  side  of  this  great  expansion 
grades  into  the  surface  which  forms  the  internal  wall  of  the  fenestra, 
greatly  complicating  the  internal  outline  of  the  latter. 

Internal  Narial  Aperture. — The  internal  narial  aperture  is 
relatively  small.  Its  breadth  is  about  twice  its  length ;  its  length  is  i^ut 
one-fifth  of  the  median  antero-posterior  diameter  of  the  combined 
pterygoid  bones.  It  is  not  separated  into  two  portions  by  a  median  sep- 
tum, but  it  has  a  small  median  process  projecting  forward  from  its  pos- 
terior wall.  It  is  not  protected  from  any  direction,  at  the  surface  of  the 
palate,  by  an  elevated  plate  of  bone. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  totally  different  from 
those  of  any  other  living  crocodilian.  Surrounding,  as  they  do,  the 
external  narial  aperture,  they  partake  of  its  unusual  characters.  On  the 
sujx»rior  surface  of  the  skull  the  premaxillo-maxillary  sutures  are  some- 
what different  from  those  of  other  forms.  They  extend  inward  and  back- 
ward from  the  sides  of  the  snout  for  a  short  distance,  on  each  side,  then 
gradually  turn  farther  and  farther  backward  in  direction,  until  near  their 
posterior  ends  they  are  nearly  antero-posterior  in  direction.  Together 
they  make  a  figure  much  like  a  letter  V  whose  sides  are  not  straight  lines, 
V)ut  are  curves  which  are  convex  toward  each  other,  the  curves  being 
irregular  and  not  smooth.  In  the  skull  studied  the  two  premaxillaiies 
differ  very  greatly  in  the  backward  extension  of  their  posterior  processes. 
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The  right  premaxillary  extends  back  as  far  as  the  level  of  the  fifth  maxil- 
lary' teeth;  the  left  one  extends  back  as  far  as  the  level  of  the  seventh 
inaxillarj'  teeth;  as  the  maxillary  teeth  are  far  apart  this  difference  is 
considerable;  it  may  be  interpreted  merely  as  the  result  of  individual 
variation. 

The  two  prominences  on  either  side  of  the  aperture  are  of  course 
carried  on  the  premaxillaries.  In  an  antero-lateral  direction  from  the 
aperture  each  premaxillary  descends  sharply  downward  in  a  nearly 
vertical  plane.  The  ends  of  this  plane  are  extended  into  prominences 
which  lodge  teeth,  but  the  central  portion  is  excavated  to  make  space  for 
the  first  mandibular  tooth,  which  bites  completely  outside  of  the  upper 
jaw.  At  their  anterior  ends  the  premaxillaries  are  extended  forward  into 
two  processes  which  on  their  inferior  surfaces  lodge  the  first  premaxillary 
teeth. 

On  the  palate  the  premaxillaries  extend  backward  to  the  level  of  the 
fourth  maxillary  teeth,  the  premaxillo-maxillary  suture  forming  a  flaring 
V.  The  teeth  are  not  preserved  in  the  specimen  examined,  but  their 
alveoli  indicate  that  there  were  five  teeth  in  the  left  premaxillary,  and 
four  in  the  right.  The  fourth  premaxillary  teeth  are  evidently  the  largest, 
with  the  first  and  third  only  sUghtly  smaller.  The  second  is  considerably 
smaller,  and  so  is  the  fifth.  The  alveoli  of  all  of  these  teeth  point  forward 
and  outward.  The  first  and  second  are  far  apart,  and  are  separated  by 
excavations  which  lodged  the  first  mandibular  teeth.  The  second  and 
third,  on  the  side  in  which  the  second  is  present,  are  very  close  together. 
The  third  and  fourth  are  far  apart,  and  are  separated  by  spaces  which 
are  partly  pits  and  partly  notches;  these  lodge  the  second  mandibular 
teeth.  The  fourth  and  fifth  are  moderately  far  apart.  Posterior  to  the 
fifth  alveoli  are  excavations  which  are  partly  in  the  form  of  notches,  but 
which  have  pits  at  their  internal  margins ;  these  lodged  the  fourth  mandibu- 
lar teeth;  they  correspond  with  the  so-called  canine  notches  of  the 
true  crocodiles.  The  palatal  surfaces  of  the  premaxillaries  face  outward 
as  well  as  downward.  The  anterior  portion  of  each  premaxillo-maxillary 
suture  is  situated  far  out  near  the  lateral  margin  of  the  jaw;  the  internal 
wall  of  the  alveolus  of  the  first  maxillary  tooth  is  partly  composed  of  the 
premaxillary  bone. 

Maxillaries. — The  maxillaries  of  this  form  are  exceedingly  long 
and  slender.  Their  sutural  contact  with  the  premaxillaries  has  been 
described  above.  They  differ  from  the  maxillaries  of  all  other  U\4ng 
crocodilians  in  meeting  each  other  along  the  meidian  line,  excluding  the 
na^ak  from  contact  with  the  premaxillaries;  the  median  contact  of  the 
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maxillaries  with  each  other  is  moderately  long.  The  contact  of  each 
maxillary  with  its  neighboring  nasal  is  slightly  longer  than  the  median 
maxillar^*^  sutmt?.  The  suture  with  the  lacr3mial  extends  almoet  directly 
forward  from  the  posterior  end  of  the  maxillo-nasal  suture,  then  turns 
backward  and  slightly  outward  to  the  anterior  end  of  the  jugal;  the 
maxillo-jugal  suture  extends  more  directly  outward  and  downward  in  its 
anterior  portion,  then  turns  backward.  From  the  outline  of  the  nuudOo- 
lacrymal  suture  it  will  be  seen  that  a  process  of  the  maxillary  extends 
backward  from  the  main  superior  plate  of  the  bone,  wedging  the  laciTmal 
apart  from  the  nasal;  it  does  not  separate  the  lacrymalfrom  the  nasal 
entirely,  however.  The  posterior  process  of  the  maxillary  is  very  slender- 
The  teeth  of  the  maxillaries  are  situated  on  small  pedicles,  which  are- 
separated  by  notches  which  lodge  the  mandibular  teeth.  The  result  of 
the  alternation  of  the  pedicles  with  the  notches  is  a  crenulation  of  the 
border  of  the  snout,  which  is  visible  not  only  on  the  inferior  and  lateral 
surfaces  of  the  skull,  but  also  when  the  skull  is  viewed  from  above. 

The  suture  of  the  maxillaries  with  the  premaxillaries  on  the  palate 
has  been  descril)ed  above;   the  suture  with  the  palatines  is  relativelj' 
simple.    It  extends  inward  and  slightly  backward  from  a  point  on  the 
internal  border  of  the  palatine  fenestra,  verj"  slightly  posterior  to  its 
anterior  end,  for  a  very  short  distance,  then  turns  directly  forward  to  a 
point  opposite  the  twenty-first  maxillarj'  tooth,  then  forward  and  inward, 
meeting  the  median  line  at  the  level  of  the  eighteenth  maxillary  teeth, 
and  in  a  symmetrical  direction  to  the  opposite  palatine  fenestra.    Tlie 
maxillaries  thus  form  verj*^  small  portions  of  the  internal  borders  of  the 
palatine  fenestrae,  as  well  as  small  portions  of  their  external  borders. 
Their  sutures  with  the  ectopterygoids  reach  forward  to  the  level  of  the 
twenty-third  maxillary  teeth;  from  this  point  they  extend  backward  and 
outward  for  a  considerable  distance  on  each  side.    The  transverse  profile 
of  the  maxillaries  on  their  palatine  surfaces  is  decidedly  convex. 

Ekch  maxillary  contains  twenty-three  teeth ;  they  are  all  of  approxi- 
mately the  same  size,  except  the  last  two  on  each  side,  which  are  slightly 
smaller.  All  of  the  teeth  are  relativelv  small.  The  teeth  themselves  are 
not  preserved  in  the  specimen  studied,  consequently  their  exact  form 
cannot  Ix^  (losorihx^d;  evidently  they  were  long  and  slender,  from  the 
form  of  the  alveoli  and  their  intervening  notches.  The  alveoli  are 
directed  downward,  forward,  and  outward;  the  teeth  e\adently  extend 
in  the  same  direction,  the  maxiUar>'  and  mandibular  teeth  crossing  each 
other  at  obliciue  angles.  The  alveoli  are  all  moderately  far  apart,  except 
in  the  posterior  region,  where  some  of  them  are  close  together. 
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Nasals. — The  nasal  bones  are  very  characteristic  in  form.    They 

A]-<e  very  short,  extending  only  as  far  forward  as  the  level  of  the  spaces 

between  the  thirteenth  and  fourteenth  maxillary  teeth.    They  broaden 

r^k,  pidly  in  the  posterior  direction,  and  reach  their  maximum  spread  at  the 

l^"%?el  of  the  twentieth  maxillary  teeth;  at  this  point,  however,  they  are 

])arated  by  the  median  anterior  process  of  the  frontals,  which  wedges 

m  sharply  apart  for  a  distance  equal  to  one-third  of  their  entire  length. 

the  right  side  the  sutiu^  of  the  nasal  with  the  lacrymal  is  about  one- 

the  length  of  the  suture  between  the  nasal  and  the  prefrontal.    On 

left  side  the  suture  of  the  nasal  with  the  lacrymal  is  considerably 

L<=^  nger  than  the  irregular  suture  of  the  nasal  with  the  prefrontal.    At  their 

nor  ends,  between  the  median  process  of  the  frontal  and  the  pre- 

ntal  borders  of  the  nasals,  the  latter  are  penetrated  on  each  side  by  a 

,  sharp,  minute  process  of  the  frontal;  the  entire  naso-frontal  con- 

t  is  therefore  very  irregular. 

Lacrymals. — The  lacrymal  bones  of  this  species  are  large;  they  are 

very  unusual  in  their  shape.    Their  sutures  with  the  prefrontals  are 

<=^3ncave,  in  a  very  irregular  way;  the  posterior  portions  of  their  sutures 

'^nth  the  maxillaries,  also  their  sutiu^s  with  the  jugals,  are  convex;  their 

^^tures  with  the  nasals,  and  the  anterior  portions  of  their  sutures  with  the 

p^Hrillaries  are  nearly  antero-posterior  in  direction.    Their  external  and 

^'Jtemal  borders,  therefore,  consist  of  two  nearly  concentric  edges,  which 

^nverge  anteriorly,  giving  the  bones  very  sharp  anterior  ends.    These 

^J^terior  processes  are  separated  from  the  nasals  by  the  sharp  posterior 

Processes  of  the  maxillaries  mentioned  above.    The  posterior,  or  orbital, 

hitlers  of  the  lacrymals  are  abruptly  elevated  into  the  prominent  anterior 

portions  of  the  circumorbital  ridges ;  the  lacrymal  portions  of  these  ridges 

*^ot  only  stand  vertical,  but  for  a  short  distance  on  each  side  sUghtly  over- 

"^ng.    The  anterior  processes  extend  forward  to  the  level  of  the  eigh- 

^^nth  maxillary  teeth. 

Prefrontals. — The  prefrontal  bones  are  smaller  than  the  lacrymals, 
W  are  somewhat  similar  in  shape;  they  are  relatively  shorter,  however, 
^nd  their  nasal  borders  converge  posteriorly.  Their  orbital  borders  are 
^naderably  elevated. 

Frontal. — This  bone  is  very  large.  Its  anterior  process,  which 
^^pes  apart  the  posterior  ends  of  the  nasals,  is  long  and  broad.  The 
portion  of  the  bone  between  the  two  prefrontals  is  broad,  but  is  short 
'"itera-posteriorly.  The  interorbital  plate  of  the  frontal  is  excessively 
^^;  it  merges  into  the  still  broader  postorbital  portion,  which  extends 
'^k  to  the  supratemporal  fenestrse,  and  forms  part  of  their  anterior 
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borders.    The  interorbital  and  posterior  portions  of  the  bone  are  wr>' 
rough  from  deep,  greatly  elongated  pits. 

PosTORBiTALs. — The  postorbital  bones  are  of  moderate  siae;  ift 
proportion  to  the  small  squamosals  they  are  largie.  They  occupy  aboat 
two-fifths  of  the  lateral  borders  of  the  supratemporal  fenestne;  tie 
sutures  with  the  squamosals  extend  obliquely  downward  and  forward 
along  the  edg^s  of  the  thick  roof  of  the  cranial  table.  The  orbital  borders 
are  nearly  as  long  as  the  lateral  borders,  and  are  nearly  at  ri^t  anf^ 
with  them.  E^ch  postorbital  sends  a  long  narrow  process  of  bone  inward 
between  the  frontal  and  the  parietal,  along  the  anterior  wall  of  the 
supratemporal  fenestra;  this  wall  of  the  fenestra  is  thus  composed  of 
three  bones,  the  frontal  at  the  surface,  the  postorbital  slightly  lower,  and 
the  parietal  still  lower,  besides  the  alisphenoid  at  a  still  deeper  feveL 
The  distance  between  the  orbits  and  the  supratemporal  fenestrse,  acroas 
the  postorbital  bones,  is  considerably  greater  than  the  distance  between 
the  fenestrse  and  the  posterior  border  of  the  cranial  table,  across  the 
squamosal  bones. 

Squamosals. — The  squamosals  bones  are  small  so  far  as  surface  area 
is  concerned.  On  the  superior  surface  of  the  skull  they  are  triradiate  in 
form,  one  process  extending  outward  and  backward,  another  forward, 
and  the  third  inward.  All  of  these  processes  are  slender.  Elach  squa- 
mosal occupies  about  one-third  of  the  posterior  border  of  the  cranial 
table.  The  small  triangular  area  where  the  three  processes  come  togiether 
on  each  squamosal  is  deeply  pitted.  The  squamosal  bones  of  this  species 
do  not  resemble  those  of  any  of  the  other  modern  crocodilians  so  much  as 
they  do  some  of  the  Tertiary'  tomistomoid  species  or  the  Mesoiotc 
marine  crocodiles. 

Parietal. — At  the  surface  of  the  skull  the  parietal  is  broader 
posteriorly  than  anteriorly,  the  reverse  condition  from  most  crocodilians; 
at  a  deeper  level,  however,  the  anterior  ends  spread  out,  and  are  broader 
than  the  posterior.  The  median  portion  of  the  bone,  between  the  two 
supratemporal  fenestrse,  is  narrow.  The  posterior  part  is  over  three 
times  as  broad  as  the  interfenestral  portion.  The  posterior  portion 
extends  backward  a^  a  median  posterior  process  of  the  cranial  table.  It 
occupies  about  one-third  of  the  posterior  border  of  the  cranial  table,  in- 
cluding a  minute  superior  surface  of  the  supraoccipital. 

SuPRAOcciPiTAL. — This  bone  occupies  only  a  very  minute  area  on 
the  sufx^rior  surface  of  the  skull,  and  extends  back  from  it  as  a  pairof 
slight  median  processes.  The  two  processes  which  are  usually  covered 
by  the  overhanging  surface  of  the  cranial  table  project  out  beyond  it  in 
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this  form.  The  breadth  of  the  bone,  on  the  posterior  surface  of  the  skull, 
is  slightly  over  one-fourth  of  the  total  breadth  of  the  cranial  table. 
Vertically,  the  supraoccipital  occupies  about  three-fourths  of  the  dis- 
tance between  the  superior  border  and  the  foramen  magnum. 

Basioccipital. — This  bone  is  rather  more  massive  and  compact 

than  in  most  crocodilians;  otherwise  it  is  not  especially  characteristic. 

Quadrates. — The  quadrate  bones  are  rather  short  antero-pos- 

teriorly ;  their  sutures  with  the  quadrato-jugals  are  exceedingly  irregular. 

ExocciPiTALS  AND  Basisphengid. — Thcse  bones  are  not  especially 

distinctive. 

JuGALS. — The  jugals  are  very  long  antero-posteriorly,  but  most  of 
their  length'  is  in  their  posterior  portions.  The  anterior,  or  facial, 
portions  of  the  jugals  are  very  short;  they  do  not  extend  nearly  as  far 
forward  as  the  lacr3rmals.  The  infraorbital  portions  of  the  jugals  are 
greatly  expanded  vertically,  forming  parts  of  the  great  circumorbital 
riches,  which  partly  cover  the  orbital  cavities  on  their  inferior  borders. 
The  posterior  portions  of  the  jugals  are  exceedingly  long  and  slender. 

QuADRATO-juoALS. — The  quadrato-jugals  of  this  form  are  very 
characteristic.    They  are  very  short  antero-posteriorly,  and  their  sutures 
with  the  quadrates  superiorly,  and  with  the  jugals  inferiorly,  are  very 
UTegiular.    The  antero-superior  process  of  each  quadrato-jugal  is  long 
And  slender,  and  has  a  rather  long  contact  with  the  postorbital.    The 
^ft  one  has  a  prominent  process  extending  forward  into  the  infratemporal 
fenestra,  and  there  is  a  broken  base  of  one  on  the  right  side.    The  anterior 
pttMxas  differs  considerably  from  that  of  the  true  crocodiles  and  Tomi- 
^<nna.   It  is  not  a  continuation  of  the  inferior  portion  of  the  bone  up- 
^Ttfd  and  forward  as  in  the  other  genera,  but  is  distinctly  elevated  above 
the  level  of  the  principal  surface  of  the  bone  posterior  to  the  border  of  the 
fenestra.    It  is  rather  stout,  and  it  extends  directly  forward;  it  is  mod- 
erately sharp.    Below  this  anterior  process  the  bone  extends  a  consider- 
able distance  forward,  and  forms  a  part  of  the  inferior  border  of  the 
fenestra.    This  antero-inferior  process  is  considerably  longer  than  the 
Prooefs  which  penetrates  the  fenestra. 

Palatines. — The  sutures  of  the  palatine  bones  with  the  maxil- 
laries  have  been  described  above.  The  anterior  processes  of  the  palatines 
^Wch  they  partly  enclose  form  a  broad  wedge,  which  extends  forward  to 
^he  level  of  the  eighteenth  maxillary  teeth.  The  very  short  lateral 
processes  form  most  of  the  anterior  borders  of  the  palatine  fenestrae. 
PtHn  the  bases  of  these  lateral  processes  the  palatines  narrow  in  the 
posterior  direction  to  a  level  a  short  distance  anterior  to  their  posterior 
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ends,  then  expand  again.  At  the  palatal  surface  this  posterior  lateni 
expansion  is  not  great,  but  at  a  deeper  level,  the  palatines  support  th 
great  expansions  of  the  pter>'goids  with  thin  downwardly  deflected  plates 
The  sutures  with  the  pterygoids  are  relatively  simple  in  their  posterio 
palatal  portions,  but  are  complicated  somewhat  by  their  anterior  ejrten 
sions  along  the  great  pterygoid  expansions.  On  each  side  the  sutup 
extends  backward  from  a  point  immediately  posterior  to  the  superio 
process  of  the  palatine  which  extends  upward  to  meet  the  inferior  prooes 
of  the  prefrontal,  and  turning  at  the  level  of  the  minimiun  breadth  acroe 
the  palatines,  extends  backward  and  outward  across  the  floor  of  th 
pterygoid  expansion;  near  the  posterior  end  of  the  fenestra  it  tun 
sharply  inward,  backward,  and  upward  to  a  point  a  short  Sistance  po 
terior  to  the  posterior  end  of  the  palatine  fenestra  then  extends  in  a 
irregular  but  gentle  curve  to  the  median  line,  at  a  point  directly  betwee 
the  posterior  ends  of  the  two  fenestrsB,  and  thence  in  a  S3rmmetrici 
direction  on  the  opposite  side. 

Pterygoids. — The  pterygoids  of  this  form  are  unique  among  tl 
Crocodilia.  Their  posterior,  or  palatal,  portions  differ  only  slightly  froi 
those  of  other  species;  this  palatal  portion  is  relatively  flat,  and  is  vci 
broad  in  proportion  to  its  length.  The  posterior  narial  aperture  occupit 
only  a  small  portion  of  the  median  line.  The  anterior  portions,  whic 
extend  forward  over  the  palatines,  are  expanded  into  huge  bulbm 
processes,  which  extend  in  every  direction  for  considerable  distances  inl 
the  great  pterygoid  fossffi.  Anteriorly  they  extend  nearly  to  the  vertio 
columns  formed  by  the  prefrontal  and  palatine  bones,  and  the  media 
anterior  pterj'goid  process  extends  forward  between  these  colmnn 
articulating  with  the  prefrontals.  Each  of  the  great  expansions  is  shape 
much  like  a  hen 's  egg,  and  is  similar  in  size.  These  great  expansions  ai 
evidently  correlated  with  the  more  completely  aquatic  habits  of  ti 
animal,  compared  with  other  Recent  crocodilians. 

EcTO PTERYGOIDS. — The  anterior  processes  of  the  ectopterygoids  ar 
small,  being  both  short  and  slender.  The  postero-inferior  processes  ar 
broad,  but  arc  not  especially  thick;  the  superior  processes  are  smal 
The  sutures  with  the  maxillaries  are  short  themselves,  but  are  long  L 
comparison  ^vith  the  abbreviated  length  of  the  anterior  processes;  thee 
sutures  converge  ver>'  sharply  in  the  anterior  direction. 
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The  Mandible 

The  mandible  of  the  gavial  is  unique  among  modern  erocodilians, 

au<:-l-  bears  considerable  resemblance  to  the  mandibles  of  some  of  the 

M^^-^wzoic  marine  crocodilies.    The  two  rami  together  are  ver>^  slender 

ba.€2rlc  to  the  level  of  the  twentieth  or  twenty-first  mandibular  teeth,  then 

br<:>iaden  rapidly. 

The  symphysis  is  exceedingly  long,  extending  back  to  the  level  of  the 
twenty-third  mandibular  teeth.  The  splenial  bones  fonn  very  extensive 
portions  of  the  S3rmphysis.  They  extend  forward  to  the  level  of  the 
spaces  between  the  thirteenth  teeth;  at  the  posterior  end  of  the  sym- 
physis they  are  broad,  together  comprising  at  least  two-thirds  of  the 
breadth  of  the  symphysis;  they  thus  wedge  apart  the  dentary  portions 
of  the  S3rmphysis.  Nearly  half  the  length  of  the  spleniaLs  is  included  in 
the  symphysis. 

£ach  ramus  contains  twenty-five  dental  alveoU.    The  first  of  these 

IS  the  largest,  the  second  next  in  size,  and  the  fourth  next.    The  re- 

n^Ainder  are  all  about  equal  in  size  and  small.    All  of  the  alveoli  are 

^'^cted  strongly  forward,  and  slightly  outward,  as  well  as  upward;  the 

surface  of  the  sjonphysis,  between  the  two  dental  borders,  is  convex. 

-\he  firet  teeth  are  considerably  separated  from  each  other.    The  man- 

^hle  is  as  broad  at  this  point  as  farther  back  near  the  fifth,  or  tenth 

^^^th.     The  Tfirst  teeth  are  separated  by  considerable  spaces  from  the 

**^^H>nd;  the  two  second  alveoli  are  separated  widely  from  each  other,  the 

"''''^^ciest  portion  of  the  anterior  end  of  the  symphysis  being  between 

^"^tn.    The  second  teeth  are  very  widely  separated  from  the  third;  the 

taird  are  rather  far  from  the  fourth,  and  the  fourth  from  the  fifth.    Back 

^^  t,he  fifth  the  teeth  are  all  approximately  equally  far  apart,  the  distance 

^*^K  considerable  between  each  successive  pair.    All  of  the  alveoU  are 

^^^^tained  in  slight  pedicles,  which  are  separated  from  each  other  by 

'^^^tively  flat  areas.    The  pedicles  extend  outward  sUghtly  from  the 

^^t^  borders  of  the  symphysis,  giving  these  borders  a  remarkably 

^"^^ulated  appearance. 

The  dentary  bones  are  exceedingly  long;  the  splenials  are  also  very 

^*^i?,  but  the  remainder  of  the  mandibular  bones  are  little,  if  any,  longer 

^*^^n  in  other  crocodiles.    The  external  mandibular  foramina  are  small. 

The  two  rami  of  the  mandible  spread  apart  from  each  other  con- 

^^^  Wrably  at  their  posterior  ends.    The  skull  and  jaws  of  the  gavial  taken 

*^f^ther  have  been  described  as  resembhng  a  frying  pan  in  shape,  the 

^*^^dle  of  the  pan  corresponding  with  the  snout,  and  the  basin  of  the  pan 

^*^th  the  cranial  portion  of  the  skull. 
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Measurements  Amer.  Mus.  No.  15176 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  .680M. 

Length  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates  .712 

Length  of  Snout  .  500 

Breadth  of  Skull,  Across  Quadrato-jugals  .284 

Breadth  of  Skull,  Across  Cranial  Table  .  200 

Breadth  of  Snout,  at  Base  .  160 

Breadth  of  Snout,  at  First  Maxillary  Teeth  .064 

Breadth  of  Snout,  at  Third  Premaxillary  Teeth  .  102 

Length  of  Mandible,  Total  .815 

Breadth  of  Mandible,  Total  .306 

TOMI8TOMA  Miiller 
Generic  Characters 

This  genus  has  twenty  to  twenty-one  upper  teeth  on  each  side,  and 
eighteen  to  twenty  lower  teeth;  these  numbers  may  be  increased  some- 
what if  some  fossil  species  are  included;  the  lateral  teeth  are  received 
into  pits  between  the  teeth  of  the  opposing  jaw;  the  premaxillaries  have 
five  teeth  in  the  younger  stages,  but  only  four  in  the  adult  condition; 
the  fifth  maxillary  tooth  is  usually  somewhat  enlarged  as  in  CrocodUus. 
The  snout  is  long  and  slender,  but  less  so  than  in  the  gavial;  it  resembles 
that  of  CrocodUus  cataphradus  in  general  form.  The  nasal  bones  do  not 
enter  the  external  narial  aperture,  but  they  do  have  contacts  with  the 
premaxillaries,  diflfering  in  the  latter  respect  fromt  the  gavial.  The 
mandibular  symphysis  is  very  long,  extending  back  to  the  level  of  the 
fourteenth  or  fifteenth  teeth,  and  including  the  anterior  ends  of  the 
splenial  bones.  The  supratemporal  fenestrae  are  small.  The  quadrato- 
jugals  possess  sharp  anterior  processes  which  penetrate  the  infratemporal 
fenestrse.  The  prevomers  appear  on  the  palatal  surface  at  the  mid-line 
posterior  to  the  maxillaries. 

This  genus,  approaches  the  true  crocodiles  in  many  characters,  while 
its  resemblances  to  the  gavial  appear  to  be  more  or  less  superficial;  it  is 
here  considered  to  be  an  off-shoot  of  the  central  crocodilian  stem,  whicL 
lijis  assumed  habits  somewhat  like  those  of  the  gavial,  and  has  developed- 
secondarv'  characters  which  resemble  the  characters  of  that  form. 


Tomistoma  schlegelii  MilUer 

The  description  of  the  skull  of  To7fnstama schlegelii ishBseduponiviCP 
skulls,  one  very  large  (Amor.  Mus.  No.  15177),  and  the  other  of  medium 
size  (Mus.  Conip.  Zool.  No.  12459),  also  upon  the  published  descriptions. 
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General  Form 

The  skull  of  this  species  is  long  and  slender,  but  not  to  the  same 
*3ctent  as  in  the  Indian  gavial;  in  general  form  the  resemblance  to 
Vr-ocodilus  cataphradus  is  considerable,  but  the  details  of  the  skull  are 
Li-fierent  from  those  of  the  latter  species. 

The  snout  is  especially  long  and  slender;  its  length  varies  from  two 

L  wTki  three-foiuths  to  three  and  two-thirds  times  its  breadth  at  the  base; 

t:    tapers  gradually  from  its  base  to  its  tip,  differing  in  this  respect  from 

Vk^  true  gavial.    The  superior  antero-posterior  profile  of  the  snout  is 

fcT^n'  slightly  concave;   the  vertical  depth  of  the  snout  is  considerable; 

t  Vie  lateral  borders  of  the  snout  are  rather  smooth  when  viewed  from 

aLV)ove;  there  is  a  very  slight  expansion  in  the  premaxillary  region,  and  a 

rather  abrupt  broadening,  on  a  small  scale,  at  the  level  of  the  fifth  maxil- 

\an*  teeth,  otherwise  the  borders  are  simple  slightly  concave  lines.    It  is 

vcn'  slightly  expanded  posterior  to  the  lateral  portions  of  the  premaxillo- 

imxillary  suture.     When  viewed  from  the  side  the  snout,  especially 

inthe  premaxillary  region,  is  very  irregular  along  its  inferior,  or  dental, 

margin,  due  to  the  great  size  of  the  pedicles  of  the  teeth,  and  the  depth  of 

the  spaces  between  them. 

The  cranial  table  is  relatively  small;  in  comparison  with  the  Indian 
gavial  it*  is  very  small.  Its  lateral  borders  are  more  or  less  irregular,  but 
in  general  have  a  strong  tendency  toward  convergence  at  their  anterior 
ends.  The  posterior  border  is  concave,  and  is  indented  at  the  median 
line;  this  indentation  is  both  horizontal  and  vertical ;  in  form  it  resembles 
a  miniature  glacial  cirque.  In  transverse  profile  the  cranial  table  is 
«>ncave.  The  skull  has  the  appearance,  while  long  and  slender,  of  being 
^tout  and  strong. 

The  Cavities  of  the  Skull 

SrpRATEMPORAL  FENESTRiE. — These  cavities  are  of  moderate  size. 
'n  the  large  skull  studied  each  fenestra  is  equal  to,  or  slightly  larger  than, 
^he external  narial  aperture;  in  the  smaller  skull  the  fenestrse  are  each 
^niewhat  larger  than  the  narial  aperture.  The  fcnestrae  are  rounded  on 
^l^ir  posterior  and  postero-internal  borders,  but  their  external  and 
antero-internal  borders  are  nearly  straight  lines,  which  converge  an- 
teriorly, making  a  sharp  angle  at  the  antero-external  corner  of  each  fenes- 
^^-  The  interfenestral  space  is  very  narrow. 

Infratemporal  FENESTRiE. — These  cavities  are  rather  large,  about 
equaling  the  supratemporal  fenestrae  in  size.  Each  of  them  is  sub- 
^fianjoilar  in  outHne ;  none  of  the  borders  are  either  horizontal  or  vertical 
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in  position.    Viewed  from  the  side  the  vertical  diameter  of  each  fenest 
is  very  much  less  than  the  antero-posterior  diameter;  this  condition    is 
sUghtly  exaggerated  by  the  sUght  upward  trend  of  the  jugal  bones.    Ea.oh 
fenestra  is  penetrated  by  a  long  sharp  process  of  the  quadrato-juj 
much  as  in  the  species  of  Crocodilus. 

Orbits. — The  orbits  are  large;    their  longitudinal  diameters 
greater  than  their  transverse.    Their  lateral  borders  converge  slightly  in 
the  anterior  direction,  but  their  anterior  ends  are  rounded  and  not  sharp. 

External  Narial  Aperture. — The  external  narial  aperture    is 
relatively  large.    Its  vertical  depth  is  considerable;  its  postero-externaJ 
and  posterior  walls  converge  slightly  downward;  its  antero-^xternal  w^alls 
are  vertical,  and  its  anterior  wall  is  slightly  overhanging.    It  is  longer 
than  broad,  and  is  broader  near  its  anterior  than  near  its  posterior  end. 
Its  postero-external  borders  converge  backward,  but  do  not  meet,  there 
being  a  short  posterior  border  between  their  ends.    There  is  no  forward 
extension  of  the  premaxillaries  at  the  posterior  end  at  the  level  of  the 
surface,  but  these  bones  do  make  a  very  slight  process  at  a  greater  depth; 
the  nasals  are  excluded  from  the  aperture  altogether  by  the  premaxil- 
laries.   The  borders  of  the  aperture  are  not  elevated.  1 

Premaxillary  Foramen. — The  premaxillary  foramen  on  the  palat>^ 
is  heart-shaped,  and  is  exceedingly  small  in  size.  It  is  situated  directX3^ 
between  the  second  (primitively  the  third)  premaxillary  teeth. 

Palatine  Fenestra. — These  cavities  are  large ;  they  are  triangul^^-^ 
in  outline,  differing  in  this  respect  from  all  other  Recent  crocodiles, 
borders  are  internal,  antero  external,  and  postero-external;  the  first 
these  borders  is  nearly  straight,  but  is  very  slightly  concave,  and  is  nearl; 
antero-posterior  in  direction;    it  is  the  longest  of  the  three  border^^^ 
The  antero-external  border  of  each  is  second  in  length,  and  the  postei 
external  is  the  shortest,  being  about  half  the  length  of  the  antero-e: 
external.     The  two  external  borders  make  angles  of  slightly  over 
with  each  other.    The  anterior  ends  are  accordingly  sharp,  the  posteri< 
ends  less  so,  and  the  external  angles  almost  right  angles.    The  fenesti 
extend  forward  to  the  level  of  the  spaces  between  the  twelfth  and 
teenth  maxillary  teeth  in  the  smaller  specimen,  and  about  to  the  level 
the  posterior  edges  of  the  thirteenth  maxillary  teeth  in  the  larger  spe( 
men;   the  two  fenestrae  do  not  correspond  with  the  teeth  equally, 
perhaps  the  teeth  do  not  correspond  with  the  fenestrse  equally  on  tl 
opposite  sides  of  the  larger  skull. 

Internal  Narial  Aperture. — This  cavity  is  of  moderate  size,  ana*-  ^ 
is  not  far  from  round;  in  the  smaller  skull  it  is  slightly  longer  than  broa^ci* 


MH]  Mook,  SfcuH  Characters  of  Recent  Croeodilia 


Tk.  I.    Skull  ud  jam  ol  Ta> 
ncwolaknU:  B. 
wolmAodUOt;  K.i 
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In  the  larger  skull  it  faces  downward  and  slightly  forward;  in  the  smaller 
skull  the  aperture  faces  downward  and  slightly  forward,  but  the  roof  of 
the  nasal  passage  slopes  backward  in  such  a  way  that  the  passage  faoes 
sUghtly  backward  as  well  as  downward. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  long  and  slender.    In  the 
smaller  skull  they  extend  back  to  the  level  of  the  sixth  maxillary  teeth, 
and  in  the  larger  one  they  extend  to  the  spaces  between  the  fifth  and  sixth 
maxillary  teeth.    Their  sutures  with  the  maxillaries  become  more  smd 
more  near  a  longitudinal  direction  as  they  leave  the  borders  of  the  snout. 
There  are  thus  no  sharply  defined  posterior  processes  separated  off  from 
the  main  masses  of  the  bones.    The  median  suture  of  the  two  premaxil- 
laries with  each  ot^er  anterior  to  the  nasals  is  long.    The  amount  of 
lateral  expansion  of  the  premaxillaries,  external  to  the  narial  aperture,  is 
slight.    The  very  deep  notches  between  the  first  and  second  premaxil- 
lary  teeth  are  clearly  visible  from  above. 

On  the  palate  the  premaxillo-maxillary  suture  forms  a  distinct  letter 
W,  the  apex  of  which  is  directed  forward.  The  posterior  extension  of  the 
suture  is  directly  opposite  the  second  maxillary  teeth  in  the  smaller  skiiU 
studied,  and  slightly  farther  back  in  the  larger  one.  The  apex  of  the  W  i^ 
opposite  the  first  maxillary  teeth  in  the  larger  skull,  and  very  slightly 
farther  back  in  the  smaller  one. 

Each  premaxillary  has  four  teeth;  this  is  equally  true  of  both  larp^ 
and  small  skulls.    Boulenger  states  that  the  young  individuals  have  fiv^ 
teeth  in  each  premaxillary,  and  that  the  second  is  lost  with  age,  as  in  soat^ 
species  of  Crocodilus.    The  elimination  of  the  second  teeth  evidentl^^ 
takes  place  at  a  very  early  stage,  as  in  the  smaller  of  the  two  skulls 
studied  the  alveoU  of  these  teeth  are  almost  completely  obliterated.    The^ 
four  premaxillary  teeth  are  all  widely  spaced  from  each  other,  and  are  a^J 
situated  upon  elevated  pedestals.    Between  these  pedestals  are  very  dee 
notches  which  lodge  the  mandibular  teeth;  these  notches  are  very  dee 
vertically,  but  with  the  exception  of  those  between  the  first  and  secon- 
teeth  do  not  excavate  the  lateral  borders  of  the  skull.    Of  the  four 
maxillar>'  teeth  of  each  side  the  third  (primitively  the  fourth)  is  the  larges 

Maxillaries. — The  maxillaries  are  long  and  slender.    Their  mo^^^ 
conspicuous  feature   is  a  prominent  inrolling  of  their  infero-later^^ 
borders;   this  inrolling  has  gone  so  far  that  a  portion  of  the  extern; 
surface  of  each  maxillary,  posterior  to  the  fifth  maxillary  tooth, 
downward  and  outward;  this  is  especially  conspicuous  in  the  older  skuS^^* 
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The  contacts  of  the  maxillaries  with  the  premaxillaries  have  been 
described  above.  The  sutures  with  the  nasals  are  relatively  short,  owing 
to  the  short  anterior  extension  of  the  nasal  bones.  The  sutures  with  the 
lacrymals  are  more  complex  in  outline  than  in  most  erocodilians,  and  re- 
semble somewhat  those  of  Gavialis,  Ekch  suture  leaves  the  nasal  border 
at  the  level  of  the  posterior  edge  of  the  tenth  maxillary  tooth  in  the 
smaller  skull,  and  of  the  eleventh  in  the  larger  skull,  and  extends  back- 
ward and  slightly  outward  for  a  distance  about  equal  to  that  between 
two  of  the  maxillary  teeth,  then  extends  almost  directly  forward  to  a 
point  a  short  distance  anterior  to  its  origin,  and  then  outward  and  back- 
ward to  a  point  above  the  space  between  the  thirteenth  and  fourteenth 
maxillary  teeth,  where  the  maxillary,  lacrymal,  and  jugal  bones  come  in 
contact.  A  short  j)osterior  process  of  each  maxillary  wedges  apart  two 
anterior  processes  of  the  lacrymal.  The  suture  of  each  maxillary  with 
the  jugal  is  more  or  less  irregular. 

The  path  of  the  premaxillo-maxillary  suture  on  the  palate  has  been 
described  above.  The  maxillo-palatine  suture  is  characteristic  in  out- 
line; it  extends  little  forward  of  the  level  of  the  anterior  ends  of  the 
palatine  fenestr®.  From  a  point  near  the  anterior  end  of  each  fenestra 
the  maxillo-palatine  suture  extends  backward  and  inward  to  a  point 
opposite  the  thirteenth  maxiUary  tooth  in  the  small  skull,  and  the  four- 
teenth in  the  larger  one,  then  inward  and  forward  to  a  point  opposite  its 
origin.  Its  path  is  then  slightly  different  in  the  two  skulls;  in  the  smaller 
one  it  continues  in  the  same  direction  to  a  point  slightly  anterior  to  the 
twelfth  maxillary  teeth,  and  at  the  median  line.  The  two  portions  of  the 
suture  together  make  a  figure  like  a  letter  V.  Posterior  to  the  apex  of 
this  V,  at  the  median  Une,  the  suture  between  the  maxillaries  and  the 
palatines  gives  way  to  the  minute  sutures  between  the  maxillaries  and 
the  pre  vomers;  in  the  smaller  skull  these  bones  are  scarcely  distinguish- 
able, but  they  do  interrupt  the  contacts  of  the  maxillaries  and  the 
palatines  very  slightly.  In  the  larger  skull  the  maxillo-palatine  sutures 
^more  complex,  due  to  the  arrangement  of  the  prevomers.  The  sutures 
extend  inward  and  backward  from  the  anterior  ends  of  the  palatine  fenes- 
tra as  in  the  smaller  skull,  then  turn  similarly  forward  and  inward, 
*nd  at  the  level  oi  the  anterior  ends  of  the  fenestra  turn  almost  directly 
"^ward.  On  the  left  side  there  is  no  process  of  the  palatine  anterior  to  the 
fenestra;  on  the  right  side  a  very  small  process  wedges  forward  between 
the  maxillary  and  the  prevomer. 

The  contacts  with  the  prevomers  are  nearly  antero-posterioV; 
f^y  meet  the  median  line  about  at  the  level  of  the  twelfth  maxillary 
t^th;  they  are  unequally  long  on  the  opposite  sides  of  the  skull. 


\ 
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In  the  larger  skull  it  faces  downward  and  slightly  forward;  in  the  smaller 
skull  the  aperture  faces  downward  and  sUghtly  forward,  but  the  roof  of 
the  nasal  passage  slopes  backward  in  such  a  way  that  the  passage  faces 
slightly  backward  as  well  as  downward. 

The  Bones  of  the  Skull 

« 

Premaxillaries. — The  premaxillaries  are  long  and  slender.  In  the' 
smaller  skull  they  extend  back  to  the  level  of  the  sixth  maxillary  teeth, 
and  in  the  larger  one  they  ext-end  to  the  spaces  between  the  fifth  and  sixth 
maxillary  teeth.  Their  sutures  with  the  maxillaries  become  more  and 
more  near  a  longitudinal  direction  as  they  leave  the  borders  of  the  snout. 
There  are  thus  no  sharply  defined  posterior  processes  separated  off  from 
the  main  masses  of  the  bones.  The  median  suture  of  the  two  premaxil- 
laries with  each  ot^er  anterior  to  the  nasals  is  long.  The  amount  rf 
lateral  expansion  of  the  premaxillaries,  external  to  the  narial  aperture,  is 
sUght.  The  veiy  deep  notches  between  the  first  and  second  premaxil- 
lary  teeth  are  clearly  visible  from  above. 

On  the  palate  the  premaxillo-maxillary  suture  forms  a  distinct  letter 
W,  the  apex  of  which  is  directed  forward.  The  posterior  extension  of  the 
suture  is  directly  opposite  the  second  maxillary  teeth  in  the  smaller  skull 
studied,  and  slightly  farther  back  in  the  larger  one.  The  apex  of  the  W  is 
opposite  the  first  maxillary  teeth  in  the  larger  skull,  and  very  slightly 
farther  back  in  the  smaller  one. 

Each  premaxillary  has  four  teeth;  this  is  equally  true  of  both  large 
and  small  skulls.    Boulenger  states  that  the  young  individuals  have  five 
teeth  in  each  premaxillary,  and  that  the  second  is  lost  with  age,  as  in  some 
species  of  Crocodilus.    The  eUmination  of  the  second  teeth  evidently 
takes  place  at  a  very  early  stage,  as  in  the  smaller  of  the  two  skulk 
studied  the  alveoli  of  these  teeth  are  almost  completely  obliterated.    The 
four  premaxillary  teeth  are  all  widely  spaced  from  each  other,  and  are  all 
situated  upon  elevated  pedestals.    Between  these  pedestals  are  very  deep- 
notches  which  lodge  the  mandibular  teeth;   these  notches  are  very  deep^ 
vertically,  but  with  the  oxc*eption  of  those  between  the  first  and  second- 
teeth  do  not  excavate  the  lateral  borders  of  the  skull.    Of  the  four  pre—— 
maxillary-  toeth  of  each  side  the  third  (primitively  the  fourth)  isthelaiigest — 

Maxillaries. — The  maxillaries  are  long  and  slender.    Their  mosCi- 
conspicuous  feature   is  a   prominent  inrolling  of  their  infero-lateraJ 
borders;    this  inrolling  has  gone  so  far  that  a  portion  of  the  external 
surface  of  each  maxillar>%  posterior  to  the  fifth  maxillary  tooth,  face? 
downward  and  outward ;  this  is  especially  conspicuous  in  the  older  skuD. 
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The  contacts  of  the  maxillaries  with  the  premaxillaries  have  been 
(le>i^<'ribed  above.   The  sutures  with  the  nasals  are  relatively  short,  owing 
to    -tii^he  short  anterior  extension  of  the  nasal  bones.    The  sutures  with  the 
lac:r:rymal8  are  more  complex  in  outline  than  in  most  crocodilians,  and  re- 
9e:x:x^ble  somewhat  those  of  Gavialis,    Each  suture  leaves  the  nasal  border 
at      "the  level  of  the  posterior  edge  of  the  tenth  maxillary  tooth  in  the 
sncM^fidler  skull,  and  of  the  eleventh  in  the  larger  skull,  and  extends  back- 
wefc.rd  and  slightly  outward  for  a  distance  about  equal  to  that  between 
two  of  the  maxillary  teeth,  then  extends  almost  directly  forward  to  a 
point  a  short  distance  anterior  to  its  origin,  and  then  outward  and  back- 
ward to  a  point  above  the  space  between  the  thirteenth  and  fourteenth 
maxillary  teeth,  where  the  maxillary,  lacrymal,  and  jugal  bones  come  in 
contact.    A  short  posterior  process  of  each  maxillary  wedges  apart  two 
anterior  processes  of  the  lacrymal.   The  suture  of  each  maxillary  with 
the  jugal  is  more  or  less  irregular. 

The  path  of  the  premaxillo-maxillary  suture  on  the  palate  has  been 
^^^scribed  above.    The  maxillo-palatine  suture  is  characteristic  in  out- 
^^e;    it  extends  little  forward  of  the  level  of  the  anterior  ends  of  the 
P^tine  fenestrae.    From  a  point  near  the  anterior  end  of  each  fenestra 
"^  ^[laxillo-palatine  suture  extends  backward  and  inward  to  a  point 
opposite  the  thirteenth  maxillary  tooth  in  the  small  skull,  and  the  four- 
teenth in  the  larger  one,  then  inward  and  forward  to  a  point  opposite  its 
^''^gin.   Its  path  is  then  slightly  different  in  the  two  skulls;  in  the  smaller 
^'^  it  continues  in  the  same  direction  to  a  point  slightly  anterior  to  the 
twelfth  maxillary  teeth,  and  at  the  median  line.   The  two  portions  of  the 
suture  together  make  a  figure  Uke  a  letter  V.    Posterior  to  the  apex  of 
"^  V,  at  the  median  line,  the  suture  between  the  maxillaries  and  the 
P^^tincs  gives  way  to  the  minute  sutures  between  the  maxillaries  and 
^"^  prevomers;  in  the  smaller  skull  these  bones  are  scarcely  distinguish- 
*^*^>   but  they  do  interrupt  the  contacts  of  the  maxillaries  and  the 
P^^tines  vtsry  slightly.    In  the  larger  skull  the  maxillo-palatine  sutures 
^'^  niore  complex,  due  to  the  arrangement  of  the  prevomers.   The  sutures 
^^^tend  inward  and  backward  from  the  anterior  ends  of  the  palatine  fenes- 
''^  as  in  the  smaller  skull,  then  turn  similarly  forward  and  inward, 
f  ^^  at  the  level  bi  the  anterior  ends  of  the  fenestrse  turn  almost  directly 
i^^Mrard.   On  the  left  side  there  is  no  process  of  the  palatine  anterior  to  the 
^^^estra;  on  the  right  side  a  very  small  process  wedges  forward  between 
^*^  maxillary  and  the  prevomer. 

The  contacts  with  the  prevomers  are  nearly  antero-postcrioV; 
^*^y  meet  the  median  line  about  at  the  level  of  the  twelfth  maxillary 
^th;  they  are  unequally  long  on  the  opposite  sides  of  the  skull. 
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Each  inaxillan'  contains  sixteen  teeth.  The  fifth  of  these  is  much 
greater  than  any  of  the  others,  especially  in  the  larger  skull.  The  first 
four  teeth,  and  the  sixth  to  the  ninth  inclusive,  are  approximately  equal 
in  size;  they  are  relatively  long  and  slender,  and  are  sharp-pointed. 
The  teeth  from  the  tenth  to  the  sixteenth,  inclusive,  are  much  stouter 
than  the  anterior  ones,  but  are  not  blunt.  They  increase  in  sise  from  the 
tenth  to  the  twelfth,  which  is  only  sUghtly  smaller  than  the  fifth,  and  then 
decrease  to  the  sixteenth.  The  anterior  five  teeth  are  slightly  curved, 
and  point  downward.  Their  convex  borders  are  anterior  in  position. 
The  teeth  between  the  fifth  and  the  twelfth  have  a  tendency  to  pwnt 
inward  as  well  as  downward;  this  is  much  more  conspicuous  in  the  larger 
skull  than  in  the  small  one;  it  is  correlated  with  the  inroUing  of  the 
external  surface  of  the  skull  at  this  level. 

The  first  five  teeth  in  each  maxillary  stand  on  prominent  pedicles; 
from  the  fifth  backward  the  pedicles  are  present,  but  are  not  conspicuous- 
ly developed.  They  are  separated  by  pits  which  lodge  the  mandibular 
teeth,  as  far  back  as  the  spaces  between  the  fourteenth  and  the  fifteeenth. 
The  mandibular  teeth  bite  between  the  premaxillar>'  and  maxillary  teeth, 
and  in  Une  with  them.  The  anterior  maxillary  teeth  are  very  far  apart; 
back  of  the  great  fifth  tooth  the  teeth  on  each  side  are  situated  irregularly 
closer  and  closer  together,  until  the  sixteenth  is  rather  close  to  the  fif- 
teenth; none  of  the  teeth  are  very  close  together. 

Nasals. — The  nasal  bones  of  this  form  are  very  characteristic  in 
outUne.  They  are  intermediate  in  form  and  position  between  thoee  of 
the  gavial  and  those  of  the  true  crocodiles.  They  articulate  with  the  pie- 
maxillaries  anteriorly  as  in  Crocodilus,  separating  the  maxillaries  from  a 
median  contact  with  each  other  on  the  surface  of  the  snout,  such  as  is 
present  in  GaviaUta.  They  differ  from  those  of  the  true  crocodiles,  how- 
ever, in  lx?ing  widely  separated  from  the  external  narial  aperture. 

Their  anterior  extremities,  along  the  median  line,  are  above  the 
spaces  Ix^tween  the  fourth  and  fifth  maxillar>^  teeth.  The  posterior  ends 
of  the  premaxillo-nasal  sutures  are  at  the  level  of  the  fifth  maxillary  teeth 
in  the  smaller  sjx^cimen,  and  slightly  farther  back  in  the  larger  one.  The 
sutures  with  the  maxillaries  are  relatively  short;  those  with  the  lacrj*- 
mals  are  relatively  long;  those  with  the  prefrontals  are  shorter  than  thoflc 
with  the  laoyrmals,  and  are  very  irregular  in  outline. 

From  their  anterior  extremities  backward  the  nasals  broaden  witl» 
only  slight  irregularities  to  the  level  of  the  tenth  or  eleventh  maxillai>' 
teeth,  where  the  bones  reach  their  maximum  breadth;  from  this  point 
back,  thoy  retain  this  breadth,  the  lateral  borders  being  parallel,  to  the 
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In  form  the  palatine  bones  are  very  slender,  although  they  have 
very  slight  anterior  and  posterior  lateral  expansions. 

Pr£VOmer8. — These  bones  appear  at  the  surface  of  the  palate; 
the  species  therefore  differs  from  all  other  Recent  crocodilians  except 
Caiman  niger.  In  the  latter  species,  however,  the  prevomers  appear  at 
the  anterior  end  of  the  palate,  along  the  boundaries  of  the  maxillaries 
and  premaxillaries,  and  not  back  near  the  palatines.  In  Tomistoma 
fchkgelii  they  are  situated  posterior  to  the  median  portions  of  the  maxil- 
laries. In  the  smaller  of  the  skulls  studied  they  appear  as  thin  slivers  of 
bone,  which  separate  the  anterior  ends  of  the  palatines  from  each  other; 
in  the  larger  skull  they  partly  replace  the  anterior  processes  of  the  pala- 
tines. Posterior  to  them  is  a  median  bone,  also  separating  the  palatines, 
which  may  be  related  to  them  in  composition. 

Pterygoids. — The  sutures  of  the  pterygoids  with  the  ectoptery- 
goids  converge  sharply  forward;  they  are  irregular  in  outline.  The 
median  suture  of  the  two  pterygoids  with  each  other  along  the  palatal 
surface  is  exceedingly  irregular.  Each  pterygoid  forms  a  very  small 
portion  of  the  posterior  border  of  the  palatine  fenestra.  The  posterior 
processes  of  the  pterygoids  are  very  large.  The  internal  narial  aperture 
is  situated  only  partly  on  the  general  palatal  surface,  part  of  it  being 
situated  on  a  posterior  extension  of  the  bone,  back  of  the  level  of  its 
principal  posterior  border;  the  posterior  processes  extend  back  from  this 
Md  partly  embrace  the  basisphenoid.  The  notch  at  the  posterior  end  of 
the  pterygoids  is  horizontal  only,  not  vertical  also,  as  in  most  crocodiles. 

EcTOPTERYGOiDS. — The  anterior  processes  of  the  ectopterygoids 
^  unusually  small,  both  in  length  and  thickness.  The  postero-inferior 
Ptxjesses  are  large  and  thick,  and  the  superior  processes  medium  in  size. 

The  Mandible 

The  mandible  of  this  species  is  distinctly  intermediate  in  form  and 
structure  betweeh  the  gavial  and  the  true  crocodiles.  In  general  form  it 
^rresponds  with  the  snout,  being  long  and  slender,  and  spreading  rather 
abruptly  at  a  point  about  one-third  of  its  total  length  back  from  its 
interior  end.  The  symphysis  is  very  long,  extending  back  to  the  level 
^f  the  fifteenth  teeth;  it  is  not  as  long  as  in  the  gavial,  however.  The 
splenial  bones  are  very  long,  and  together  form  a  conspicuous  portion 
^f  the  posterior  portion  of  the  symphysis.  They  var>'  in  their  anterior 
^'rtent  on  the  opposite  sides  of  both  of  the  specimens  studied;  their 
interior  processes  end  at  the  ninth  or  tenth  teeth.  Their  anterior  sym- 
Physial  portions  are  much  shorter  than  their  posterior  portions.     The 
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Parietal. — The  parietal  is  neariy  as  broad  at  its  posterior  as  i 
anterior  end.  Its  median  bar,  between  the  two  supratemporal  fene 
is  long  and  slender.  Along  its  posterior  border  the  parietal  is  d 
indented,  both  vertically  and  horizontally;  this  is  especially  true  i: 
older  skull.  The  surface  of  the  posterior  plate  of  the  bone  is  sM] 
concave. 

SuPRAOCcTPiTAL. — The  supraoccipital  comprises  no  part  of  tlu 
face  of  the  cranial  table,  but  a  small  portion  of  it  occupies  the  flo 
the  small  cirque-Uke  depression  at  the  center  of  the  postero-sup 
border  of  the  skull.    This  floor  is  much  broader  than  it  is  long. 

On  the  posterior  surface  of  the  skull  the  supraoccipital  exi 
downward  about  two-thirds  of  the  distance  from  the  pK)sterior  bo 
of  the  cranial  table  to  the  foramen  magnum;  laterally  its  bread 
slightly  greater  than  one-third  of  the  breadth  of  the  cranial  table. 

ExocciPiTALs,  Basioccipital,  andBasisphenoid. — These  1 
possess  no  characters  which  differ  sufficiently  from  those  of  other  Ri 
crocodilians  to  require  special  description. 

Quadrates. — The  quadrates  are  characterized  only  by  the 
regular  sutures  with  the  quadrato-jugals. 

QuADRATo-juGALs. — The  suturcs  of  the  quadrato-jugals  witl 
quadrates  are  exceedingly  irregular;  in  their  outlines  they  approae 
condition  of  the  gavial  rather  than  that  of  the  true  crocodiles, 
quadrato-jugal  possesses  a  sharp  anterior  process,  which  is  interme 
between  those  of  the  true  crocodiles  and  those  of  the  gavial,  but  is  c 
to  the  fonner  than  to  the  latter.  This  process  is  long  and  slendi 
rises  from  the  anterior  edge  of  the  bone,  and  not  from  its  external 
face  as  in  the  gavial;  its  lower  border  is  not,  however,  a  direct  an 
superior  continuation  of  the  contact  of  the  quadrato-jugal  witl 
jugal,  but  is  separated  from  this  border  by  an  antero-inferior  procc 
the  bone.  Each  quadrato-jugal  therefore  forms  a  very  small  portion  o 
inferior  border  of  the  infratemporal  fenestra,  as  well  as  its  posterior  bo 

JuGALs. — The  jugals  are  rather  large;  in  general  form  they  aj 
to  Ix^  unusually  long  and  slender,  but  each  has  a  rather  promi 
superior  process  near  the  anterior  end  of  the  orbit;  this  process  ten 
constrict  the  posterior  end  of  the  orbit. 

Palatines. — The  sutural  connection  of  the  palatines  with  the  na 
laries  has  Ix^en  descril^ed  above.  The  palatines  are  sUghtly  sepai 
from  each  other  at  their  anterior  ends  by  the  slender  pre  vomers,  ^ 
appear  at  the  surface  of  the  palate.  The  suture  of  the  palatines  witl 
pterygoids  is  irregularly  transverse. 
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In  form  the  palatine  bones  are  very  slender,  although  they  have 
very  slight  anterior  and  posterior  lateral  expansions. 

Preyomers. — These  bones  appear  at  the  surface  of  the  palate; 
tlic  species  therefore  differs  from  all  other  Recent  crocodilians  except 
Ceiiman  niger.    In  the  latter  species,  however,  the  prevomers  appear  at 
tbe  anterior  end  of  the  palate,  along  the  boundaries  of  the  maxillaries 
SLTid  premaxillaries,  and  not  back  near  the  palatines.     In  Tomisioma 
^icUegelii  they  are  situated  posterior  to  the  median  portions  of  the  maxil- 
laries.  In  the  smaUer  of  the  skulls  studied  they  appear  as  thin  slivers  of 
Vx)ne,  which  separate  the  anterior  ends  of  the  palatines  from  each  other; 
in  the  larger  skull  they  partly  replace  the  anterior  processes  of  the  pala- 
tines.  Posterior  to  them  is  a  median  bone,  also  separating  the  palatines, 
^which  may  be  related  to  them  in  composition. 

Pterygoids. — The  sutures  of  the  pterygoids  with  the  ectoptery- 

goids  converge  sharply  forward;    they  are  irregular  in  outline.    The 

median  suture  of  the  two  pterygoids  with  each  other  along  the  palatal 

surface  is  exceedingly  irregular.     Each  pterygoid  forms  a  very  small 

portion  of  the  posterior  border  of  the  palatine  fenestra.    The  posterior 

processes  of  the  pterygoids  are  very  large.    The  internal  narial  aperture 

is  situated  only  partly  on  the  general  palatal  surface,  part  of  it  being 

situated  on  a  posterior  extension  of  the  bone,  back  of  the  level  of  its 

principal  posterior  border;  the  posterior  processes  extend  back  from  this 

and  partly  embrace  the  basisphenoid.    The  notch  at  the  posterior  end  of 

^be  pterygoids  is  horizontal  only,  not  vertical  also,  as  in  most  crocodiles. 

EcTOPTERYGOiDs. — The  anterior  processes  of  the  ectopterygoids 

^^  unusually  small,  both  in  length  and  thickness.    The  postero-inferior 

processes  are  large  and  thick,  and  the  superior  processes  medium  in  size. 

The  Mandible 

The  mandible  of  this  species  is  distinctly  intermediate  in  form  and 

'Structure  betweeh  the  gavial  and  the  true  crocodiles.    In  general  form  it 

^nesponds  with  the  snout,  being  long  and  slender,  and  spreading  rather 

^l>ruptly  at  a  point  about  one-third  of  its  total  length  back  from  its 

interior  end.    The  symphysis  is  ver>'  long,  extending  back  to  the  level 

<>f  the  fifteenth  teeth;  it  is  not  as  long  as  in  the  gavial,  however.    The 

^plenial  bones  are  very  long,  and  together  form  a  conspicuous  portion 

^^the  posterior  portion  of  the  symphysis.    They  vary  in  their  anterior 

extent  on  the  opposite  sides  of  both  of  the  six^ciniens  studied;    their 

interior  processes  end  at  the  ninth  or  tenth  teeth.    Their  anterior  syni- 

P">*sial  portions  are  much  shorter  than  their  posterior  portions.     The 
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mandible  is  ver>'  low  vertically  in  its  anterior  portion,  but  is  rattier  higb 
posteriorly.  The  external  mandibular  foramen  on  each  side  is  elongate  ; 
above  it  the  surangular  bone  has  a  slight  process  on  its  superior  border, 
extending  inward  and  slightly  upward. 

Each  ramus  of  the  mandible  contains  twenty  teeth.    These  are  all 
rather  far  apart,  and  their  intervening  spaces  are  practically  equal* 
There  is  a  slight  variation  from  this,  however:   from  the  first  to  th^ 
seventh  or  eighth  they  are  rather  far  apart,  the  second  and  third  beinip 
considerably  so;  the  eighth  and  ninth  are  closer  together;  posterior  t<^ 
the  ninth  the  teeth  are  all  moderately  far  apart.    The  first  tooth  in  eachi 
mandible  is  the  longest ;  the  fourth  is  second  in  size ;  the  thirteenth  or  the- 
fourteenth  is  also  large.   The  teeth  between  the  fourth  and  the  thirteenth, 
are  smaU.    In  the  larger  specimen  the  teeth  posterior  to  the  fourteenth 
are  rather  large,  but  in  the  smaller  specimen  they  are  small;  this  differ- 
ence is  probably  due  to  variations  in  the  stages  of  development  of  the 
individual  teeth.    The  anterior  teeth  are  very  slender  and  sharp;  the 
posterior  ones  are  stouter,  but  are  still  rather  sharp.    The  larger  teeth, 
are  rooted  in  pedicles,  and  all  of  the  teeth  are  separated  from  each  other 
by  deep  pits.   Those  of  the  posterior  end  of  the  series  are  directed  sligfatbr 
inward,  as  in  the  upper  jaws,  and  the  external  surfaces  of  the  mandibl& 
face  sUghtly  upward  as  well  as  outward.    The  upper  and  lower  jaws 
together,  therefore,  are  somewhat  indented  along  the  posterior  portioius 
of  the  dental  borders. 

Measurements 

Amer.  Mus.  Mus.  Comp.  Zoc^l . 

No.  15177  No.  124S0 

length  of  Skull,  Tip  of  Snout  to  Supraocripital  .  765M.  .  537M. 

Length  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates  .842  .586 

Length  of  Snout  .577  .400 

Breadth  of  Snout  at  Base  .204  .100 

Breadth  of  Cranial  Table  .  188  .  118 

Breadth  of  Skull  Across  Quadrato-jugals  .352  .212 

Breadth  of  Interorbital  Space  .040  .023 

Breadth  of  Space  Between  Supratemporal  Fenestnc  .017  .010 

Length  of  Mandible,  Total  .935  .650 

Length  of  Symphysis  .410  .310 

Breadth  of  Mandible,  Total  .372  .213 

Remarks 

In  many  respect^s  this  species  is  intermediate  in  character  between 
the  gavial,  on  the  one  hand,  and  the  true  crocodiles  on  the  other,  b 
the  totality  of  its  characters,  however,  the  resemblance  to  the  true  croco- 
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diles  is  considerably  the  greater;  the  resemblances  to  the  gavial  may  be 
largelyexplained  as  similar  adaptations  to  corresponding  modes  of  living. 

CBOCODlLns  Laurenti 
Generic  Characters 

This  genus  includes  a  large  proportion  of  the  species  of  the  living 
crocodiles.  All  of  the  living  species,  and  many  fossil  ones  as  well,  have 
sewnteen  to  nineteen  teeth  in  the  upper  jaw,  and  fifteen  only  in  the 
lower;  the  fifth  maxillary  tooth  is  always  enlarged.  Typically  the  fourth 
mandibular  tooth,  on  each  side,  fits  into  a  notch  in  the  upper  jaw,  along 
the  lateral  component  of  the  premaxillo-maxillary  suture;  in  some  of 
the  broader  snouted  species,  however,  this  character  varies  somewhat, 
the  fourth  mandibular  tooth  biting  into  a  pit  as  in  the  alligators.  It  is 
verj-  probable  that  this  condition  varies  to  some  extent  with  the  age  of 
the  individual.  The  sides  of  the  snout  are  prominently  festooned 
^'ertically.  The  nasal  bones  usually  reach  and  enter  the  narial  aperture, 
but  occasionally  fall  short  of  it.  The  quadrato-jugals  always  have  sharp 
anterior  processes  which  enter  the  infratemporal  fenestrae.  The  supra- 
temporal  fenestra  are  small  and  are  usually  close  together.  The  cranial 
table  is  usually  of  moderate  size;  it  varies  considerably  in  size;  a  small 
hony  plate  is  usually  present  in  each  upper  eyelid.  The  mandibular 
^Tnpbysis  is  relatively  short,  not  extending  back  of  the  eighth  teeth  in 
*^y  species,  and  usually  not  back  of  the  fifth ;  the  splenial  bones  form  no 
P^^  of  the  symphysis. 

This  genus,  which  is  variable  in  form  at  the  present  time,  and 
'"Appears  to  have  been  in  the  past,  is  evidently  near  the  central  line  from 
^'hich  most  of  the  existing  crocodilians  have  sprung. 

Crocodilus  americanus  Laurenti 

This  description  of  the  skull  of  Crocodilus  americanuH  is  based  upon 
^'tudies  of  a  large  series  of  skulls  of  this  species.  The  material  which 
^ornprifned  the  principal  source  of  information  includes  three  very  young 

^^jUs  in  the  collections  of  the  Museum  of  Comparative  Zoology  (Mus. 

^*^p.  Zool.  Nos.  5002,  5007,  and  5008,  two  somewhat  older  specimens, 
-•Vjj)er.  Mus.  No.  15182)  and  (Mus.  Conip.  Zool.  No.  5032),  four  half- 
'^^n  skulls  in  the  American  Museum  collections  (Amer.  Mus.  Nos. 
•^^'o,  7120,  7132,  and  7121),  and  a  huge  old  skull  in  the  American  Mu- 

^ni  (Amer.  Mus.  No.  7139);  in  addition  to  these  three  other  skulls, 
^^    half  grown,  one  more  than   half   grown  (Mus.  Comp.  Zool.  Nos. 

^1^ ,  10921),  and  the  other  large,  were  used  for  verification  of  these 
*"»cters. 


s 
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General  Form 

The  skull  of  Crocodilus  ainericanua  is  usually  identifiable  from  its 
form  alone.  The  form  is  variable,  however,  and  grades  toward  the  form 
of  the  skull  of  C.  niloticus.  The  cranial  table  is  relatively  small,  and  is 
not  concave,  even  in  old  individuals.  Its  straight  lateral  borders  con- 
verge slightly  in  the  anterior  direction,  and  the  antero-external  an^ 
are  rather  sharp.  The  snout  is  usually  long  and  slender;  occasioDally 
this  character  is  not  emphasized,  two  skulls  studied  having  the  snout  le- 
latively  stout  (Amer.  Mus.  No.  7121  and  Mus.  Comp.  Zool.  No.  10921). 
Boulenger  states  that  the  snout  ranges  from  onoe  and  three-fifths  to 
twice  and  one-fourth  as  along  as  broad  at  the  base;  in  one  of  the  skuDs 
studied  (Amer.  Mus.  No.  7139)  the  snout  is  about  two  and  one-half 
times  as  long  as  broad  at  the  base.  A  characteristic  feature  of  the  snout 
of  this  species  is  a  median  elevation  a  short  distance  in  front  of  the 
orbits.  This  is  absent  in  the  very  young  individuals,  but  appears  in  an 
inconspicuous  manner  in  a  11.6  cm.  specimen  (Mus.  Comp.  Zool.  No. 
5007).  From  this  size  up  to  the  maximum  in  the  series  studied  the  eleva- 
tion is  prominent  in  most  of  the  specimens.  In  a  few,  such  as  Amer.  Mus. 
No.  7121  and  Mus.  Comp.  Zool.  No.  10921,  it  is  not  conspicuous;  these 
skulls,  however,  differ  somewhat  from  typcial  C.  americaniLS  skulls  in  a 
number  of  respects;  one  of  them  is  a  Cuban  specimen,  and  it  is  quite 
Ukely  that  the  other  has  come  from  a  different  locality  than  the  largpr 
part  of  the  series,  consequently  the  differences  may  be  ascribed  to  geo- 
graphic variation.  This  median  elevation  is  unknown  in  other  modern 
species  of  Crocodilus^  and  when  typically  developed  makes  the  species 
easily  recognizable.  The  elevation  is  composed  for  the  greater  part  of 
portions  of  the  nasal  bones,  but  the  surrounding  bones,  maxillaries, 
lacrymals,  and  prefrontals,  also  enter  into  it. 

The  lateral  **  canine ''  constriction  is  very  deep,  except  in  very  young 
individuals,  and  the  constriction  posterior  to  the  seventh  maxillan' teeth 
is  rather  deep.  The  vertical  festooning  is  prominent  in  lx)th  upper  and 
lower  jaws.  The  teeth  of  the  upper  jaw  frequently  excavates  conspicuous 
grooves  on  the  margins  of  the  lower  jaw. 

The  Cavities  of  the  Skull 

SuPRATEMPORAL  Fexestr^e. — Thci^e  fenestrsB  are  relatively  small 
and  close  together.  Except  in  the  very  young  skulls  they  are  neariv 
circular;'  in  the  latter  they  are  oval.  In  the  very  young  skiills  they  are 
larger  than  the  external  narial  apertui-e;  in  the  half-grown  and  adult 
skulls  thev  ai'e  smaller. 
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Am«r.  Mu«.  No.  7121 


i(.  3.  Hkull  and  jaws  of  Crocodilut  americanuM  Laurenti.  Amer.  Mus.  No.  7121.  une-«ixth 
tiMse.  H.  superior  view  of  skull;  B,  lateral  view  of  skull,  left  sido;  C.  lateral  view  of  mandible, 
k;  D,  superior  view  of  mandible,  left  side;  E,  inferior  view  of  skull. 
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Infratemporal  Fen'estr.e. — These  fenestrse  have  the  usual  croc 
dilian  subtriangular  outline  and  partial  division  into  two  portions  1 
the  quadrato-jugal  processes.  They  are  slightly  larger  than  the  supr 
temporal  fenestrie. 

Orbits. — The  orbits  ai*e  ver>'^  large  in  the  youngpr  specimens  as 
relatively  smaller  in  the  older  ones.  They  are  round  in  outline,  bm 
slightly  longer  than  broad;  they  are  moderately  far  apart. 

External  Narial  Aperture. — This  cavity  is  moderately  lai]g 
and  is  nearly  circular  in  outline.  It  is  usuaUy  penetrated  by  the  anterit 
processes  of  the  nasal  bones. 

Premaxillary  Foramen. — The  premaxillary  foramen  is  small; 
is  heart-shaped  in  outline,  and  its  lateral  diameter  nearly  equals  its  kngt 

Palatine  FENESTRiE. — The  palatine  fenestrse  extend  forward  as  fi 
as  the  tenth  maxillary  teeth.  Their  sides  are  nearly  parallel,  and  the 
anterior  ends  are  rounded.  Their  posterior  ends  Ynvy  from  broad 
rounded  to  pointed. 

Internal  Narial  Aperture. — The  internal  narial  aperture 
parth*^  divided  by  a  median  l)ony  septum.    It  opens  obliquely  backwai 
and  downward. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  of  moderate  lengt 
They  never  extend  back  of  the  fourth  maxillary  teeth,  and  usually  n 
behind  the  third.  They  are  sometimes  slightly  elevated  around  the  nar 
aperture,  and  are  frequently  crossed,  posterior  to  the  narial  aperture  ai 
anterior  to  the  premaxillo-maxillarj'  sutures,  by  a  pair  of  low  obliq. 
ridges.  The  pits  which  lodge  the  first  mandibular  teeth  usually  pet 
trate  through  the  superior  plate  of  the  premaxillaries. 

On  the  palate  the  premaxillo-maxillar>'  suture  is  variable  in  for 
In  some  skulls  it  is  V-shaped,  in  others  it  is  W-shaped.  In  one  sk' 
(Amer.  Mus.  No.  7121)  it  extends  back  behind  the  level  of  the  thi 
maxillary  teeth;  in  other  skulls  it  does  not  extend  back  beyond  the  le" 
of  the  s(»cond  maxillary  teeth.  Each  premaxillarj'  contains  five  tee 
the  second  of  which  is  small,  as  in  most  species  of  Crocodilus  which  posE* 
five  premaxillar\'  teeth.  The  fii'st  and  second  are  widely  spaced  a[tf 
the  st^cond  and  third  are  close  together,  while  the  third  and  fourth,  «■ 
the  fourth  and  fifth  are  moderately  far  apart.  The  great  pits,  or  fcj 
mina,  which  lodged  the  first  mandibular  teeth  are  situated  slightljT 
ternal  to  the  first  and  second  premaxillarj'  teeth,  rather  than  in  din 
line  with  them.    The  pits  which  lodged  the  second  and  third  mandiboi 
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teeth  are  situated  between  the  third  and  fourth,  and  fourth  and  fifth 
premaxillary  teeth  respectively,  and  not  internal  to  them.  In  Amer. 
Mus.  No.  7120  and  No.  3070  the  premaxillary  teeth  extend  obliquely 
doiw^nward  and  forward. 

Maxuxaries. — The  maxillaries  are  long  and  slender;  they  narrow 
slightly  immediately  posterior  to  the  seventh  maxillary  tooth.  They  are 
elevated  into  prominent  tuberosities  over  the  spaces  between  the  fifth 
and  sixth  maxillary  teeth;  these  tuberosities  lodge  the  elongated  roots 
of  the  great  fifth  maxillary  teeth.  In  the  youngest  specimen  in  the 
collections  studied  (Mus.  Comp.  Zool.  No.  5002)  they  are  nearer  the 
orbits  than  the  narial  aperture;  in  the  oldest  specimen  (Amer.  Mus. 
^0.  7 139)  they  are  situated  about  twice  as  far  from  the  orbits  as  from 
^  n^uial  aperture.  The  intervening  specimens  have  these  tuberosities 
'o  iDt.^rmediate  positions. 

On  the  palate  the  maxillaries  are  not  very  distinctive.    The  maxillo- 

Wlatine  sutures  extend  inward  and  backward  from  the  anterior  ends  of 

^"C  I>^]atine  fenestrse,  then  turn  sharply  forward  and  meet  at  the  median 

line  opposite  the  seventh  maxillary  teeth.    This  suture  varies  consider- 

wly  i  x^  form.    In  some  skulls  it  extends  forward  as  a  straight  line  on  each 

®^>  'ti'lien  turns  abruptly  and  meets  its  opposite  in  an  almost  transverse 

™^c'tion  at  the  level  mentioned  above ;  in  other  cases  it  curves  gradually 

lOTw^^^  and  inward,  meeting  its  opposite  in  a  rather  sharp  point.    There 

^^  ^^i'^pically  fourteen  teeth  in  each  maxillary,  but  one  specimen  (Amer. 

Mus.     ;3fo.  7132)  has  only  thirteen,  and  another  (Amer.  Mus.  No.  7120) 

"^  ^i^irteen  on  the  right  side  and  fourteen  on  the  left.    The  teeth  are  all 

atuatL^d  moderately  far  apart  from  each  other,  and  are  separated  by  pits, 

^  ^^     ^M>me  cases,  grooves,  which  lodge  the  mandibular  teeth;  these  pits 

or  gr>c^ove8  are  aU  in  line  with  the  teeth,  and  not  internal  to  them.    The 

•^^■*i«r  teeth  are  long-crowned,  sharp-pointed,  and  curved ;  the  posterior 

ones     ^u^  shorter-crowned,  less  sharp,  and  nearly  straight;    there  is  a 

fpww^-tion  between  the  two  conditions.    Although  the  posterior  teeth 

•**  ^^>t  so  sharp  as  those  in  the  anterior  portions  of  the  maxillaries,  they 

•^  ^^>t  blunt  as  in  some  crocodilians,  such  as  Caiman  sclerops.  The  maxil- 

^■'y  "teeth  increase  regularly  in  size  from  the  first  to  the  fifth,  then  de- 

^'^^^^  more  or  less  irregularly  to  the  fourteenth. 

Cabals. — The  nasals  are  relatively  narrow,  except  for  a  short  dis- 

^^^  not  far  forward  of  the  orbits,  in  which  distance  they  are  expanded. 

"*^  expansion  extends  along  the  area  occupied  by  the  median  elevation 

^^he  snout;  it  reaches  a  maximum  breadth  slightly  anterior  to  the  level 

^^  ninth  maxillary  teeth.    At  the  posterior  end  the  nasals  are  wedged 
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apart  by  the  relatively  broad  anterior  process  of  the  frontal.    At  thr^^ 
anterior  ends  the  nasals  project  into  the  narial  aperture  at  the  surface  a. 
some  specimens,  in  others  they  are  covered  by  the  premaxiilaries  at  th*^* 
surface,  but  enter  the  aperture  at  a  lower  level. 

Lacrymals. — In  the  younger  specimens  the  lacrymals approximately* 
equal  the  prefrontals  in  surface  area;  in  the  older  ones  the  lacrymals  tar^ 
considerably  larmier  than  the  prefrontals.  In  both  young  andoldindivicS-^ 
uals  the  sutures  with  the  nasals  are  very  short.  In  form  the  bones  ar^^ 
irregular,  and  are  not  especially  characteristic. 

Prefrontals. — As  noted  above,  the  prefrontals  equal  the  lacrymali^ 
in  size  in  the  younger  specimens,  but  are  much  smaller  in  the  older  one&  ^ 
Their  sutures  with  the  nasals  are  longer  than  the  naso-lacr3inal  sutures i 
both  young  and  old  specimens.   The  prefrontals  diflfer  slightly  from  tb 
of  Crocodilus  niloticus  in  that  their  lateral  borders  have  opposite  curves-*- 
l)oth  internal  and  external  sides  of  the  bones  being  convex,  contrastinfS^ 
with  the  concave  external  borders  and  convex  internal  borders  in 
latter  species. 

Frontal. — The  frontal  bone  is  of  moderate  size,  and  is  not  especially 
characteristic  in  outline.    Its  anterior  process  equals  in  length  its 
terior  plate.    Its  anterior  wedge,  between  the  posterior  ends  of  the  nasals^    - 
is  short  and  broad. 

PosTORBiTALs. — These  bones  are  of  medium  size;  they  are  rela.— 
tively  long  and  narrow.  They  compose  verj*^  small  portions  of  th-^e 
anterior  walls  of  the  supratemporal  fenestrae. 

Squamosals. — In  the  youngest  specimen  examined  (Mus.  Comt>— 
Zool.  No.  5002)  the  external  and  posterior  borders  of  the  squamosal^^ 
are  elevated  into  distinct  ridges;  these  are  lost  in  the  remainder  of  tbe 
series.    Each  squamosal  occupies  about  one-third  of  the  posterior  border 
of  the  cranial  table. 

Parietal. — The  parietal  l)one  occupies  a  considerable  space  anterior 
to,  as  well  as  between  and  posterior  to,  the  supratemporal  fenestne. 
The  supraoccipital  enters  the  posterior  portion  of  the  parietal  as  a  iredp 
in  the  younger  sfx^cimens,  but  this  wedge  lx?comes  progressively  reduced 
with  age,  until  in  the  oldest  specimen  (Amer.  Mus.  No.  7139)  the  parietal 
occupies  the  entire  posterior  border  of  the  cranial  table. 

Supra()((;ipital.— As  noted  above,  the  supraoccipital  occupies  a 
small  wedgo-shaix^d  area  on  the  surface  of  the  cranial  table  in  the  youngier 
sfx^cimens.  This  wedge  is  comparatively  long  and  narrow.  With  agie  it 
rapidly  decreases  in  size,  until  in  a  half-grown  individual  it  is  scarcely 
visible  from  above;  in  the  great  adult  specimen  (Amer.  Mus.  No.  7139) 
it  is  al)s<»nt  from  the  cranial  tal)le  altogether. 
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On  the  posterior  aspect  of  the  skull  the  supraoccipital  occupies  a 
large  triangular-shaped  area,  which  in  the  very  young  specimens  extends 
downward  nearly  to  the  foramen  magnum.  This  position,  or  extent,  is 
retained  until  the  skuUs  are  about  half-grown.  At  this  stage  the  supra- 
occipitab  in  some  of  the  skulls  extend  nearly  to  the  foramen  magnum, 
and  in  others  they  extend  only  about  two-thirds  of  the  distance  down  from 
the  superior  border.  In  Amer.  Mus.  No.  7139  it  extends  scarcely  two- 
thirds  of  the  distance  down  from  the  superior  border  to  the  foramen 
oiagnum. 

QuADRATO-JUGALs. — The  quadrato-jugals  are  characteristic  only  in 
^^t  the  anterior  processes  which  project  into  the  infratemporal  fenes- 
^rae  are  very  sharp,  but  are  not  long. 

Quadrates,  EIxoccipitals,  Basioccipital,  and  Basisphenoid. — 
TT^ese  bones  are  not  characteristic  in  form. 

JuGALS. — The  jugal  bones  are  of  moderate  length,  and  are  neither 
^hick  nor  thin.  In  the  younger  individuals  they  extend  as  far  forward  as 
the  seventh  or  eighth  maxillary  teeth;  in  the  older  specimens  they  are 
^t  ijated  progressively  farther  and  farther  back,  until  in  the  oldest  speci- 
*^^n  (Amer.  Mus.  No.  7139)  they  do  not  reach  the  level  of  the  tenth 
Oi^xillarj'  teeth. 

Palatines. — The  sutures  of  the  palatines  with  the  maxillaries  have 
l^^^n  described  in  discussing  the  latter  bones.  The  suture  with  the 
pt^rj'goids  is  somewhat  variable  in  direction,  at  the  same  time  having 
^^'^rtain  elements  in  common  in  all  the  specimens.  In  none  of  the  speci- 
mens is  it  directly  transverse.  Typically  it  extends  backward  and  in- 
^»'3rdon  each  side  from  a  point  near  but  not  at  the  posterior  end  of  the 
Palatine  fenestra,  then  ihregularly  inward  across  the  median  line,  and 
Hi  a  similar  direction  on  the  opposite  side.  The  external  portions  are  con- 
^^^nt  in  direction,  but  the  inner  portion  is  somewhat  variable.  In  one 
^P^cimen  (Amer.  Mus.  No.  7121)  this  inner  portion  takes  the  form  of  a 
^  •  «^ith  the  apex  directed  forward;  in  several  other  si)ecimens  it  forms  a 
^'^0*  broad  V;  in  still  others  it  is  irregularly  curved. 

The  palatines  are  constricted  somewhat  about  three-fifths  of    their 

^'^Rth  back  from  their  anterior  ends.    This  constriction  is  slight  in  the 

-  ^Utiger  skulls,  but  is  more  pronounced  in  most  of  the  older  ones,  and  is 

^r>*  marked  in  Amer.  Mus.  No.  7139.    In  one  half-grown  skull  (Amer. 

*^H.  No.  15175)  it  is  scarcely  noticeable. 

Pterygoids. — The  pterygoids  occupy  small  l)ut  appreciable 
^*^ions   of  the  posterior  ends  of  the  palatine  fenestra*.     They  are 
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modera.t:^ly  long  in  proportion  to  their  breadth,  and  their  lateral  borders, 
or  sutLur>es  with  the  ectopterygoids,  converge  sharply  in  the  anterior 
direction. 

Ectopterygoids. — These  bones  are  not  especially  characteristic  in 
fonn  or  proportions;  the  three  processes  of  each  are  not  far  from  being 
equal  in.  size,  though  the  superior  process  is  somewhat  smaller  than  the 
other  t-^wo,  and  the  anterior  process  is  more  slender  than  the  inferior  one. 
The  ectopterygoids  extend  as  far  forward  as  the  eleventh  maxillary  teeth, 
or  as  tile  spaces  between  the  eleventh  and  twelfth  maxillary  teeth. 

Mandible 

The  mandible  of  this  species  contains  the  usual  crocodilian  number 
of  fiiteen  teeth  in  each  ramus.  These  are  more  or  less  unevenly  spaced, 
and  are  often  separated  by  grooves  which  lodged  the  superior  teeth.  The 
anterior  eight  or  nine  teeth  are  slender,  while  the  posterior  six  or  seven 
we  broader  in  the  antero-posterior  direction,  but  are  not  blunt.  In  the 
older  individuals  several  of  the  teeth  rise  from  elevated  pedestals.  The 
Ulterior  teeth  extend  outward  as  well  as  upward  in  some  of  the  speci- 
n^ns,  corresponding  to  the  oblique  position  of  some  of  the  teeth  in  the 
upper  jaws. 

Crocodilus  cataphractus  Cuvier 

The  description  of  this  species  is  based  upon  a  sixteen  inch  skull  in 
^^  American  Museum  Collections  (Amer.  Mus.  No.  10075). 

General  Form 

The  skull  of  this  species  is  exceedingly  long  and  slender.  In  its 
^neral  appearance  it  resembles  the  skull  of  Tomistonia  schlegeliu  The 
^^out  is  especially  long  and  slender.  Boulenger  states  that  it  is  twice  and 
two-thirds  to  thrice  and  one-third  as  long  as  broad  at  the  base.  It  is 
^considerably  expanded  at  its  anterior  end,  and  slightly  expanded  at  the 
"fth  maxillary  teeth.  The  surface  of  the  snout  is  low  and  relatively 
smooth. 

The  cranial  table  is  small,  especially  in  the  lateral  direction.    It  is 
flat,  and  its  posterior  border  is  formed  of  a  double  curve,  the  supra- 
occipital  region  extending  outward  as  a  short  process  and  interrupting 
the  concave  border  of  the  table.    The  lateral  borders  of  the  tal)le  are 
Dearly  parallel,  but  converge  very  slightly  in  the  anterior  direction.    The 
antero-external  angles  of  the  table  are  rounded. 
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The  Cavities  of  the  Skull 

SuPRATEMPORAL  Fenestr^e. — These  cavities  are  of  medium  size, 
and  are  rather  close  together.  Eiach  of  them  is  about  equal  to  the  narial 
aperture  in  size.  In  comparison  with  the  small  size  of  the  cranial  table 
the  cavities  are  large.  They  are  irregularly  subcircular  in  outline;  their 
axes  of  maximimi  diameter  converge  posteriorly. 

Infratemporal  FENESTRiE. — The  infratemporal  fenestrse  are  small. 
They  are  subtriangular  in  outline,  and  are  partially  divided  into  superior 
and  inferior  portions  by  the  sharp  process  of  the  quadrato-jugals,  which 
is  unusually  large. 

Orbits. — The  orbits  are  moderately  large;  their  antero-posterior 
diameters  are  considerably  greater  than  their  transverse.  They  are 
situated  a  moderate  distance  apart  from  each  other. 

External  Narial  Aperture. — The  narial  aperture  is  subtriangular 
in  outline ;  the  apex  of  the  triangle  is  at  the  posterior  end,  and  the  cur\'ed 
base  at  the  anterior  end.  The  antero-posterior  diameter  is  greater  than 
the  transverse.  The  nasal  bones  do  not  reach  the  cavity,  but  the  pre- 
maxillaries  send  forward  a  very  short  median  process  into  it;  this  process 
does  not  reach  the  superior  surface  of  the  skull,  but  extends  into  the 
aperture  at  a  deeper  level  only. 

Prem AXILLARY  FoRAMEN. — This  cavity  is  heart-shaped  and  is  small 
in  size;  its  transverse  diameter  is  as  great  as  its  length. 

Palatine  Fenestile. — The  palatine  fenestra  are  long  and  narrow. 
Their  anterior  ends  are  sharp ;  the  internal  borders  are  concave,  while  the 
external  Ijorders  are  nearly  straight  lines;  the  external  borders  turn  in- 
ward sharply. near  their  posterior  ends,  and  merge  into  the  posterior 
borders,  which  are  oblique  in  position.  .  The  fenestrse  extend  as  far  for- 
ward as  the  eleventh  maxillary  teeth.  They  differ  from  those  of  most 
crocodilians  in  extending  farther  back  beyond  the  teeth  than  they  do 
forward  along  side  of  the  teeth. 

Internal  Narial  Aperture. — This  opening  is  relatively  small. 

It  is  directed  sharply  backward  as  in  C  porosus  and  not  downward 
as  in  most  crocodilians. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  characteristic  in  form. 
Their  anterior  portions  are  expanded  considerably,  especially  near  the 
anterior  ends  of  the  narial  cavity.  At  the  *' canine"  notches  the  bones 
arc  somewhat  constricted.  The  posterior  processes  are  long  and  slender; 
they  extend  back  as  far  as  the  level  of  the  fourth  maxillary  teeth.    Pos- 


.Vook,  Skult  Characlen  of  Recent  Croaxlilia 


Arrwr.  Mus.  Na.1007S 


r.  Mm.  Xti,  lOOJj.  o 


162  Bulletin  Atnerican  Museum  of  NsttursLl  Hilary  [Vol.  XI 

terior  to  the  narial  aperture  the  two  premaxillaries  meet  each  ot 
along  the  median  line,  excluding  the  nasals  from  the  aperture. 

The  premaxillo-maxillarj"  suture  on  the  palate  is  irregularly 
shaped;  it  does  not  extend  back  beyond  the  level  of  the  second  maxill 
teeth,  and  the  median  apex  of  the  W  does  not  extend  forward  be3rond 
level  of  the  first  maxillar>'  teeth.  There  are  four  teeth  in  each  prema 
lary,  the  second  tooth  of  the  more  primitive  crocodiles  not  being 
presented.  The  teeth  are  all  far  apart,  and  are  about  equalfy  span 
The  pits  which  lodge  the  mandibular  teeth  are  conspicuous,  and  an 
line  with  the  teeth  themselves,  and  not  internal  to  them.  The  pits  wl 
lodge  the  first  mandibular  teeth  have  pierced  the  surface  of  the  A 
opening  up  two  large  foramina.  The  first  premaxillary  teeth  are  abt 
in  the  specimen,  but  their  alveoli  indicate  that  they  are  the  smallest  U 
in  these  bones.  The  second  teeth  are  the  largest,  the  third  are  secon* 
size,  and  the  fourth  not  much  larger  than  the  first. 

Maxillaries. — The  maxillary  bones  are  long  and  narrow.  T 
sutures  with  the  premaxillaries,  nasals,  and  ectopterygoids  are  very  U 
and  their  sutures  with  the  lacrymals  and  jugals  moderately  long. 

On  the  palate  their  sutures  with  the  palatines  are  peculiar.  Tl 
sutures  extend  inward  and  slightly  backward  from  the  anterior  end 
the  palatine  fenestrae,  for  a  very  short  distance,  and  then  inward 
forward  in  irregular  lines  to  the  median  line,  where  they  meet  oppc 
the  ninth  maxillarj^  teeth.  These  sutures  converge  sharply,  and  havi 
suggestion  of  the  more  or  less  parallel  arrangement  observable  in  m 
crocodiles.  The  octopterj'goids  extend  so  far  forward  that  the  maxilla 
have  only  a  very  small  place  in  the  external  borders  of  the  palatine  fei 
trae.    The  suture  with  the  premaxillaries  has  been  described  above. 

There  are  only  thirteen  teeth  in  each  maxillary.  These  teeth 
more  or  less  evenly  spaced,  and  are  all  far  apart.  They  are  separt 
from  each  other  by  spaces  which  contain  pits  for  lodgment  of  the  man< 
ular  teeth,  except  posterior  to  the  eleventh,  where  the  pits  die  out. 
teeth  themselves,  especially  the  larger  ones,  appear  to  be  elevated 
small  pedicles.  The  palatine  surface  of  the  maxillaries  is  decidedly  ( 
vex  in  the  transverse  direction,  and  in  consequence  the  teeth  extend  < 
ward,  somewhat  as  they  do  in  Tomistoma  schlegelii.  The  teeth  increas 
size  in  the  maxillaries,  i*egularly  from  the  first  to  the  fifth,  then  decre; 
The  anterior  eight  or  ten  maxillaiy  teeth  ai'e  ver\'^  sharp  and  slen< 
the  posterior  teeth  have  relatively  short  crowns,  and  are  not  so  sharj 
those  farther  forward  in  the  mouth.  None  of  the  maxillarj'  teeth,  h< 
ever,  are  very  blunt.  Each  maxillan^  extends  backward  a  considers 
distance  ])evond  tfie  last  niaxillarv  tooth. 
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Nasals. — The  nasals  are  exceedingly  long  and  slender.  Posteriorly 
they  are  wedged  apart  by  a  short  process  of  the  frontal;  a  short  distance 
anterior  to  this  point  they  expand  considerably  in  breadth,  reaching  their 
mMiTnnm  breadth  at  the  level  of  the  ninth  or  tenth  maxillary  teeth. 
Anterior  to  this  they  become  gradually  more  and  more  constricted,  and 
finally  disappear  from  the  surface  of  the  skull  as  very  slender  processes  at 
the  level  of  the  second  maxillary  teeth.  The  sutures  of  the  nasals  with 
the  lacn-mals  and  prefrontals  are  both  relatively  long,  and  the  former  is 
about  two-thirds  as  long  as  the  latter. 

Lacryicals. — The  lacrymal  bones  in  this  species  are  long  and  slender. 

They  occupy  about  three  times  as  much  space  upon  the  superior  surface 

of  the  skull  as  the  prefrontals,  and  portions  of  the  orbital  borders  equal  in 

extent  to  the  prefrontal  portions.    They  extend  as  far  forward  as  the 

Ipvel  of  the  ninth  maxillary  teeth. 

Prefrontals. — The  prefrontals  are  small;  their  internal  and  ex- 
^rnal  borders  converge  anteriorly,  so  that  the  bones  terminate  in  sharp 
points.   Posteriorly  they  are  rather  broad. 

Frontal. — This  bone  is  relatively  short  antero-posteriorly  in 
proportion  to  its  breadth,  as  compared  with  the  prefrontals  and  lacrymals. 
Tile  anterior  process  does  not  extend  very  far  forward  between  the  nasals. 
Postorbitals. — The  postorbital  bones  are  very  small;  they  occupy 
perhaps  one-third  as  much  area  as  that  occupied  by  the  squamosals. 
'I*he  pits  on  them  are  large. 

Squamosals. — The  squamosals  are  large;  they  are  smooth  near 
ttieir  contacts  with  the  parietals,  but  are  deeply  pitted  elsewhere  on  the 
t-ranial  table. 

Parietal. — The  parietal  is  relatively  narrow.  It  occupies  only  a 
^"en- small  portion  of  the  posterior  border  of  the  cranial  table,  owing  to 
^'^considerable  breadth  of  the  supraoccipital;  the  pitting  of  the  lx)ne  is 
•oiDewhat  different  from  that  of  the  surrounding  lx)nes,  having  only  a 
^''^0'  few  large,  widely  spaced  pits. 

Supraoccipital. — This  bone  is  characteristic  in  fonn.     On  the 

^''■^Dial  table  its  antero-posterior  extent  is  very  slight,  but  its  lateral 

^^^nt  is  considerable;  consequently  it  occupies  a  large  portion  (nearly 

^'^e-fourths)  of  the  border  of  the  cranial  tal)le  l)etween  the  two  squaino- 

^■**.    On  the  posterior  surface  of  the  skull  it  extends  downward  al)out 

^"^^thirds  of  the  distance  from  the  sujx^rior  border  to  the  foramen 

^^Rnum. 

I  Quadrato-jugals. — These*  l)ones  are  characterized  by  their  parallel 

^^^ral  lK>rders. 
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ExocciPiTAL,  Basioccipital,  Basisphenoid,  and  Quadrates. — 
These  bones  are  not  sufficiently  characteristic  of  the  species  to  warrant 
special  description. 

JuGALs. — The  jugals  are  relatively  long  and  slender,  their  lengtb 
being  over  five  and  one-half  times  their  greatest  height. 

Palatines. — The  palatines  are  characteristic.  Their  sutures  with  the 
maxillaries  have  heen  described  above.  Their  sutures  with  the  pt^rygoid^ 
extend  inward  and  very  slightly  backward  for  about  half  the  distance 
from  the  palatine  fenestrse  to  the  median  line,  then  turn  forward  at: 
angles  of  approximately  45°  and  meet  on  the  mid-line  opposite  the  ninth 
maxillar>'  teeth,  roughly  paralleling  the  maxillo-palatine  sutuies  in 
direction.  The  palatines  assist  the  pterygoids  in  enclosing  an  enlarge- 
ment of  the  nasal  passage  somewhat  similar  to  that  of  Cracodilus  porosus* 

Pterygoids. — These  bones  are  only  slightly  concave  on  their 
palatal  surfaces.  As  noted  above,  the  pterytgoids  and  palatines  enclose 
an  enlargement  of  the  nasal  passage. 

EcTOPTERYGOiDS. — The  ectopter>'goids  of  C.  cataphradus  are  char- 
acteristic. Their  inferior  processes  are  relatively  stout,  exoept  at  their 
distal  ends,  where  they  taper  to  points;  their  anterior  processes  are  un- 
usually long  and  slender;  the  superior  processes  are  both  short  and  slender. 

Mandible 

The  mandible  is  long  and  narrow  like  the  skull;  it  is  also  low  verti- 
cally, and  the  bones  of  which  it  is  composed  are  individually  slender.  Tbe 
symph^-sis  is  long,  extending  back  beyond  the  seventh  mandibular  teeth- 
The  splenial  bones  extend  forward  to  the  symphysis,  but  do  not  form  ^ 
part  of  it. 

The  teeth  correspond  in  form  with  those  of  the  upper  jaw,  for  th^ 
most  part  being  slender  and  sharp-pointed;  they  are  all  separated  a  con-' 
sidera})le  distance  from  each  other;  these  distances  are  approximately^ 
equal,  except  for  the  spaces  between  the  eighth  and  ninth  teeth,  which ar^ 
greater  than  the  rest.  Between  most  of  the  anterior  mandibular  teetl*^ 
the  jaw  is  excavated  into  notches  for  the  reception  of  the  maxillary  an^ 
premaxillar>'  teeth;  posterior  to  the  ninth  teeth  these  notches  are  re- 
placed by  pits,  which  are  situated  between  the  teeth,  and  in  line  witH 
them,  to  the  end  of  the  dental  series.  The  number  of  the  mandibute'' 
teeth  is  fifteen  in  each  ramus,  as  in  other  species  of  Crocodilus. 

The  posterior  processes  of  the  mandible  turn  in  sharply  toward  each 
other  more  than  in  most  crocodilians.    The  nearest  approach  in  this 
character  is  not  in  Tomistama,  or  other  long-snouted  forms,  but  in  CroeO' 
(Ulus  rhombifer. 
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Measurements  Amer.  Mus.  No.  10075 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  .  393M . 

Length  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates  .  423 

Length  of  Snout  .  293 

Breadth  of  Skull  Across  Quadrato-jugals  .  162 

Breadth  of  Cranial  Table  , .  085 

Breadth  of  Snout  at  Base  .  085 

Breadth  of  Snout  Across  Fifth  Maxillary  Teeth  .  046 

Length  of  Mandible  .470 

Breadth  of  Mandible,  Maximum  .  162 

Crocodilus  intermedius  Graves 

The  following  description  of  the  skull  of  this  species  is  based  upon  a 
single  specimen,  about  twelve  and  one-half  centimeters  long,  in  the 
American  Museum  Collections  (Amer.  Mus.  No.  8790) .  This  is  evidently 
a  rather  young  specimen. 

General  Fonn 

The  skull  is  long  and  slender,  and  in  many  respects  resembles  that  of 
C-  caiaphractus.  The  snout  is  between  twice  and  one-half  and  thrice  as 
long  as  broad  at  the  base ;  it  is  very  low  in  transverse  profile.  Its  anterior 
^nd,  surrounding  the  external  narial  aperture,  is  expanded  laterally. 
TTie  constriction  between  the  premaxillaries  and  maxillaries  is  slight, 
*nd  that  in  the  region  of  the  sixth  maxillary  teeth  is  scarcely  noticeable; 
^he  vertical  festooning  is  also  sUght;  the  slight  development  of  these 
<*onstrictions  and  loops  may  be  partly  due  to  the  immature  age  of  the 
specimen,  as  well  as  being  a  characteristic  of  the  species.  The  superior 
^ntero-posterior  profile  of  the  snout  is  slightly  concave ;  this  also  may  .be 
partly  an  age  character. 

The  cranial  table  is  flat ;  its  posterior  border  is  slightly  concave;  its 
lateral  borders  are  very  nearly  straight,  and  differ  from  the  corresponding 
^^^^tiers  in  most  crocodihans  in  converging  slightly  in  the  posterior  direc- 
^^^D;  this  also  may  be  associated  with  the  young  age  of  the  individual. 
*  "P  antero-external  angles  are  rounded.  The  relatively  great  breadth  of 
^*^^  cranial  table  compared  with  the  total  breadth  of  the  skull  is  another 
'^'^aracter  which  may  be  correlated  with  the  young  stage  of  the  specimen . 

The  Cavities  of  the  Skull 

SrpRATEMPORAL  Fenestile. — The  supratemporal  fenestrse  of  the 
■^'imen  described  are  elongate  in  outline,  which  is  a  character  indicating 
l^'^th;  their  comparatively  great  distance  from  each  other  is  also  largely 
^  to  the  youthful  condition  of  the  specimen;  the fenestrae are  pointed 
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at  their  anterior  ends,  and  their  longitudinal  axes  make  sharp  ai 
with  the  longitudinal  axis  of  the  skull,  the  axes  of  the  fenestra  convei 
sharply  in  the  posterior  direction.  Each  fenestra  occupies  a  slif 
greater  area  than  the  external  narial  aperture. 

Infratemporal  Fenestra. — These  fenestra  are  sharply  triani 
in  outline,  their  borders  being  straight  and  not  curved;  their  post 
borders  are  only  slightly  interrupted  by  the  anterior  prooesses  o: 
quadrato-jugals. 

Orbits. — The  orbits  are  large  in  size,  and  are  close  together, 
most  young  crocodilians   They  are  irregularly  rounded  in  outline, 
are  slightly  pointed  at  their  anterior  ends;  their  longitudinal  dian 
are  somewhat  greater  than  their  transverse,  and  converge  very  slij 
in  the  anterior  direction. 

External  Narial  Aperture. — This  cavity  is  not  complete  i 
specimen,  its  anterior  border  having  been  partially  destroyed  d 
preparation.  It  is  clear,  however,  that  the  length  of  the  cavitj 
slightly  greater  than  its  breadth ;  it  has  no  median  process  at  its  pos^ 
end,  the  nasal  bones  being  widely  separated  from  it  by  the  premaxill 
The  cavity  is  slightly  pointed  at  its  posterior  end;  this  end  is  siti 
anterior  to  the  level  of  the  fourth  premaxillary  teeth. 

Premaxillary  Foramen. — The  premaxillary  foramen  is  ex 
ingly  small,  being  about  two  millimeters  in  length,  and  considerabl; 
in  breadth.    It  is  situated  between  the  second  premaxillary  teeth. 

Palatine  Fenestr*:. — These  cavities  are  of  moderate  size.  ' 
external  and  internal  borders  are  concave,  and  converge  in  the  ant 
direction;  their  anterior  ends  are  neither  distinctly  pointed  nor  roui 
but  are  somewhat  intermediate  in  condition;  the  right  fenestra  is  n 
acuminate,  but  the  left  one  is  very  slightly  rounded.  Their  ext 
borders  merge  into  the  postero-external  ones;  the  posterior  end 
broadly  rounded.  The  right  fenestra  extends  as  far  forward  as  the  \ 
maxillar>^  tooth,  while  the  left  one  only  extends  to  the  space  betweei 
tenth  and  eleventh  maxillary  teeth;  this  is  not  due  to  an  inequality  o 
fenestrae,  but  to  an  unsymmetrical  arrangement  of  the  teeth  on 
opposite  sides  of  the  palatal  borders. 

Internal  Xarial  Aperture. — The  internal  narial  aperture  is 
antero-posteriorly.    It  faces  both  downward  and  backward. 

Foramen  Magnum. — This  foramen  is  large;  it  extends  about 
half  the  distance  from  the  superior  border  of  the  occipital  condyle  t( 
posterior  border  of  the  cranial  table,  and  its  breadth  is  somewhat  gre 
than  its  height.     Its  large  size  is  evidently  correlated  with  the  jt 
stage  of  the  specimen. 
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I    _  8kuU  and  JAWB  oiCroeodilua  irUermediwi  Graves.    Amer.  Mu8.  No.  8790,  two-thirds  natural 

"^"^or  riew  of  akull;    B,  lateral  view  of  skull,  left  side;  C,  lateral  view  of  mandible,  left  side; 
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View  of  mandible;  E^  inferior  view  of  skull. 
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The  Bones  of  the  Skull 

Premaxillaries. — The  anterior  borders  of  the  premaxillaries  are 
incomplete;  the  bones  are  expanded  laterally  opposite  the  centers  of  the 
lateral  bordei^s  of  the  external  narial  aperture.  The  two  premaxillaries 
meet  posterior  to  the  aperture,  completely  excluding  the  nasals  from  the 
latter.  The  median  suture  of  the  two  lx)nes  with  each  other,  posterior 
to  the  aperture  approximately  equals  the  length  of  the  aperture  plus  the 
length  of  the  prenaiial  portions  of  the  bones;  the  posterior  processes, 
which  wedge  between  the  nasals  and  maxillaries,  are  broad  and  relativeh' 
short,  extending  only  slightly  further  back  than  the  level  of  the  second 
maxillarj'^  teeth. 

On  the  palate  the  premaxillaries  are  short.  The  premaxillo-majdl- 
lary  suture  extends  on  each  Fide,  directly  inward  from  the  "canine" 
notch,  for  a  distance  about  one-fourth  of  the  total  distance  across  the 
palate  at  that  level,  then  backward  and  slightly  inward  as  far  back  as  the 
space  between  the  first  and  second  maxillary  teeth,  then  in  an  irregular 
transverse  direction  to  the  median  line,  and  in  a  reverse  direction  to  the 
opposite  side. 

Only  three  teeth  are  in  each  prcmaxillar>'  in  the  specimen.  Evi- 
dently there  were  four  in  the  complete  skull,  as  the  nearly  median  first 
pair  has  obviously  lxK?n  lost  during  preparation.  (Four  are  present  in 
another  specimen  with  the  skin  Amer.  Mus.  No.  10083).  The  dental 
borders  of  the  premaxillaries  are  present  anterior  to  the  first  teeth  which 
are  present,  making  it  ver\'  unlikely  that  a  tooth  intervened  in  position 
on  each  side  lx»tween  this  fir*st  tooth  and  the  true  first  tooth  of  the  jaw. 
The  first  tooth  of  the  specimen,  on  each  side,  is  therefore  interpreted a8 
Ix^ing  the  second  premaxillary  tooth  of  the  complete  skull,  homologous 
with  the  third  premaxillary  tooth  of  the  crocodiles  with  five  premaxillary 
teeth.    The  teeth  are  all  spaced  moderately  far  apart. 

MAxrLLARrEs. — The  maxillaries  are  long  and  slender.  Their  sutures 
with  the  nasals  are  nearly  straight.  Those  mth  the  lacrjinab  are 
irregular,  Ix^ing  indented  near  their  juncture  with  the  nasals.  The 
sutures  with  the  jugals  extend  nearly  directly  forward  throughout  mort 
of  their  length,  th(»n  turn  rather  sharply  inward.  The  combined  maxillo- 
lacr\  nial  ancl  maxillo-jugal  sutur-e  is  ver>'  irregular  in  outline.  Neartheir 
posterior  ends  the  external  surfac*es  of  the  maxillaries  become  vertical  in 
position,  ill  fact  at  their  posterior  ends  they  l^ecome  reversed  in  position.  - 
so  that  the  (external  surfaces  are  partially  \isible  from  below. 

On  their  palatal  surfaces  the  maxillaries  are  characteristic  in  form  - 
Kach  maxillary  possesses  an  antero-posterior  ridge  extending  midwa^^ 
Ix^tween  tlu»  median  line  and  the  dental  border.    The  dental  border it?P'-^ 
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is  slightly  elevated,  eongequently  the  palatal  profile  across  both  maxil- 
laries  consists  of  four  elevations,  with  three  intervening  depressions. 
The  dental  surfaces  of  the  maxillaiies  face  outward  as  well  as  downward, 
consequently  the  teeth  also  face  partly  outward. 

The  right  maxillary  contains  thirteen  teeth;  the  left  contains  only 
twelve.  The  first  tooth  on  the  left  side  and  the  second  and  third  on  the 
right  side  in  the  specimen  are  pressed  downward  against  the  bones;  this 
may  have  been  caused  during  preparation.  All  of  the  maxillary  teeth 
except  the  last  two,  which  are  close  together,  are  evenly  spaced.  The 
space  between  the  first  and  second  on  the  left  side  is  greater  than  the 
rest,  but  this  is  clearly  an  abnormality  correlated  with  the  loss,  or  failure 
to  develop,  of  the  left  second  maxillary  tooth;  the  space  is  actually  that 
between  the  first  and  third  maxillary  teeth.  The  teeth  increase  regularly 
in  size  from  the  first  to  the  fifth.  The  latter  is  only  slightly  greater  than 
the  others  on  the  left  side;  on  the  right  it  is  smaller  than  the  fourth, 
but  this  is  evidently  due  to  the  recent  shedding  of  the  fifth,  and  only 
incomplete  replacement  at  the  time  of  the  animal's  death;  the  alveolus  is 
much  greater  than  that  of  the  fourth.  Posterior  to  the  fifth  the  maxillarj- 
teeth  decrease  irregularly  in  size.  The  last  three  or  four  of  these  teeth 
bave  relatively  short  crowns,  but  none  of  them  are  blunt.  The  anterior 
teeth  are  all  very  slender  and  most  of  them  are  slightly  curved.  Pits  for 
reception  of  mandibular  teeth  are  situated  between  the  maxillary  teeth 
from  the  first  to  the  ninth;  these  pits  are  directly  in  line  with  the  teeth 
tbemselves. 

The  maxillaries  form  small  portions  of  the  external  walls  of  the 

palatine  fenestrae,  but  no  parts  of  the  internal  walls.     The  maxillo- 

P^tine  suture,  on  each  side,  extends  inward  and  forward  from  the 

^'iterior  end  of  the  foramen  in  an  irregular  concave  curve,  then  ver\' 

'learthe  median  line  turns  in  sharply  in  a  slight  convexity,  then  obliquely 

''^^flird  and  forward  in  a  straight  line  to  the  median  line.    The  concave 

f^rtion  of  the  suture  occupies  about  nine-tenths  of  its  total  length.    The 

'Opposite  sutures  meet  at  the  median  line  at  the  level  of  the  anteiior  bor- 

^w  of  the  ninth  maxillary  teeth.    The  sutures  with  theectopterygoids 

Extend  forward  past  two  maxillar>'  teeth.    The  maxillaries  extend  back- 

^"ard  considerable  distances  posterior  to  the  last  maxillary  teeth. 

Nasals. — The  nasal  bones  are  relatively  short  for  such  a  slender 

^Wull.   Their  anterior  processes  end  opposite  the  first  maxillary  teeth; 

they  are  entirely  excluded  from  the  narial  aperture  by  the  premaxillaries. 

^^y  broaden  from  the  anterior  to  the  posterior  portions,  as  far  back  as 

^heir contacts  with  the  maxillo-lacr\nial  sutures,  or  at  the  level  of  the 
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ninth  maxillar}'  teeth.  Posterior  to  this  they  narrow  rapidly;  at  thei 
posterior  ends  they  are  wedged  far  apart  by  the  anterior,  process  crftb 
frontal. 

Lacrymals. — The  lacrj^mals  are  relatively  largie;  they  extend,!] 
antero-posterior  direction,  from  the  ninth  to  the  twelfth  maxillary  teetl 
and  they  occupy  about  twice  as  much  area  as  the  prefrontals.  lU 
lateral  borders  are  nearly  parallel,  and  they  converge  in  the  anterifl 
direction.  Their  anterior  borders  are  irregular;  they  have  been  desoibei 
above  in  discussing  the  maxillo-lacrymal  sutures.  The  naso-laayou 
sutures  are  only  slightly  shorter  than  the  naso-prefrontal  sutures. 

Prefrontals. — These  bones  are  somewhat  irregular  in  shapi 
Their  internal  borders,  or  sutures  with  the  frontal  and  nasals,  are  sli^^tl 
concave  outward,  and  their  external  borders,  or  lacrymo-prefronti 
sutures,  extend  forward  and  inward,  the  external  and  internal  bordei 
meeting  anteriorly,  opposite  the  space  between  the  ninth  and  tenth  mas 
lary  teeth,  in  an  acute  angle.  Their  orbital  borders  are  largely  occupie 
by  the  supraorbital  bones,  or  lx)ny  eyelids. 

Frontal. — The  frontal  is  long.  Its  anterior  process,  between  tli 
posterior  ends  of  the  nasals,  is  short  and  broad;  posterior  to  the  nanli 
and  anterior  to  the  frontal  borders  of  the  orbits  the  frontal  is  long  aD 
slender;  the  interorbital  plate  is  narrow  and  flat.  The  posterior  portkN 
of  the  frontal,  which  comprises  part  of  the  cranial  table,  broaden 
rapidly  from  the  narrow  interorbital  plate. 

PosTORBiTALS. — The  postorbital  bones  are  small,  each  of  then 
occupying  about  one-fourth  of  the  area  occupied  by  the  correspondioi 
squamosal.  The  orbital  border  of  each  is  somewhat  greater  than  itf 
portion  of  the  external  border  of  the  cranial  table.  The  postorUtai 
portion  of  the  latter  is  about  one-fourth  of  its  entire  length. 

Squamosals. — The  squamosal  bones  occupy  at  least  three-fourth 
of  the  lateral  Iwrdera  of  the  cranial  table,  and  two-thirds  of  the  postcrioi 
border.  Their  portions  of  the  borders  of  the  supratemporal  fenestit 
are  nmch  greater  than  those  of  the  postorbitals,  and  slightly  greattf 
than  those  of  the  parietal.  Their  postero-external  processes  do  iw« 
extend  far  out  over  the  quadrates. 

Parietal. — The  parietal  is  relatively  large.  It  occupies  con8ide^ 
ably  more  area  than  the  frontal,  and  also  more  than  the  two  squamosal 
together.  Its  greatest  breadth  is  at  its  anterior  end.  Along  the  po*" 
terior  border  of  the  cranial  table  the  space  between  the  two  squamoeafe 
or  about  one-third  of  the  border,  is  occupied  by  the  parietal  and  suf^ 
occipital  together.     Of  this  portion  the  supraoccipital  occupies  ^ 
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median  half  (one-sixth  of  the  total  border)  and  the  parietal  the  small 
spaces  between  the  supraoecipital  and  the  squamosals.  The  breadth  of 
the  parietal  between  the  supratemporal  fenestra  is  very  great.  The  re- 
latively large  size  of  the  bone,  and  especially  its  large  interfenestral 
portion,  is  largely  due  to  the  inmiature  condition  of  the  specimen. 

SuPRAOCCiPiTAL. — The  supraoecipital  extends  forward  for  a  short 
distance  on  the  cranial  table;  as  noted  above,  this  bone  occupies  about 
one^h  of  the  posterior  border  of  the  table;  its  antero-posterior  diam- 
eter, on  the  cranial  table,  is  less  than  its  transverse. 

On  the  posterior  surface  of  the  skull  the  supraoecipital,  at  its  broad- 
est point,  occupies  about  one-third  of  the  total  breadth  of  the  cranium. 
Inferiorly  it  extends  downward  about  five-sixths  of  the  distance  from 
the  superior  border  to  the  foramen  magnum. 

Basioccipital. — The  occipital  condyle  of  the  basioccipital  bends 
sharply  downward,  and  the  bone  occupies  a  considerable  space  posterior 
to  it  on  the  inferior  surface  of  the  skull.  This  is  evidently  a  youthful 
character. 

Basisfhenoid. — This  bone  is  not  especially  characteristic,  except 
that  the  Eustachian  foramen,  which  it  surrounds,  is  directed  largely 
downward,  rather  than  largely  backward.    This  also  is  an  age  character. 

ExocciPiTALS. — The  exoccipitals  are  not  characteristic,  except  for 
the  youthful  chanu^ter  of  their  extending  somewhat  farther  forward  on 
the  inferior  surface  of  the  skull  than  they  do  typically. 

Quadrates. — These  are  not  characteristic. 

QuADRATO-JUGALs. — In  these  bones  the  free  borders,  which  form 
the  postero-superior  borders  of  the  infratemporal  fenestrse,  make  con- 
aderable  angles  with  the  quadrato-jugal-jugal  sutures,  instead  of  con- 
tinuing forward  in  the  same  direction  as  the  latter.  The  sharp  processes 
*hich  extend  into  the  fenestrse  appear  more  as  separate  elements,  and 
1^  as  integral  parts  of  the  bones  themselves. 

JuQALS. — These  l)ones  are  relatively  long  and  slender.  They  ex- 
tend forward  to  points  sUghtly  anterior  to  the  level  of  the  tenth  maxillary 
teeth. 

Palatines. — The  palatine  bones  are  characteristic  in  fonii.  The 
P^^^'iliar  form  of  the  maxillo-palatine  suture  has  been  described  above. 
^  broadest  portions  of  the  palatines  is  at  the  anterior  ends  of  the 
l*«tine  fenestrae.  They  compose  all  of  the  internal  borders  of  the  fenes- 
^  except  very  small  portions  near  the  posterior  ends.  Their  sutures 
^ththe  pterygoids  are  anterior  to  the  posterior  ends  of  the  fenestrse; 
^h  of  them  extends  inward  and  backward  for  an  exctHulingly  short 
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distance,  then  turns  forward  and  inward  at  an  angle  of  about  45°  wi 
the  longitudinal  axis  of  the  skull  to  a  point  very  near  the  medi 
line;  then  it  turns  inward  and  backward  for  a  distance  of  about  oi 
half  millimeter,  and  meet«  its  opposite  at  the  median  line.  In  gene 
outline  the  palato-pterygoid  suture  parallels  the  maxillo-palatine  suti 
in  direction. 

Pterygoids. — The  pterygoids  are  broad  in  proportion  to  tl 
length.  Each  pterygoid  occupies  a  considerable  portion  of  the  poetei 
border  of  the  palatine  fenestra.  Posterior  to  the  internal  narial  apert 
the  pterygoids  send  back  a  pair  of  short  acuminate  processes.  Owinji 
the  youthful  stage  of  the  specimen  the  pterygoids  are  situated  rather 
forward  on  the  palate,  the  narial  aperture  being  under  the  center  of 
cranial  table. 

EcTOPTERYGOiDs. — These  bones  are  somewhat  irregular  in  fo 
Their  anterior  processes  are  slender,  and  are  not  verj'  long;  they  do 
extend  as  far  forward  as  the  level  of  the  eleventh  maxillary  t« 
The  inferior  processes  are  directed  in  a  more  posterior  direction  tl 
usual;  they  are  rather  stout,  but  taper  to  subacuminate  terminati( 
The  superior  processes  are  slender. 

Supraorbitals. — The  supraorbital  bones,  or  bony  eyelids,  are  ^ 
small.  It  is  possible  that  their  small  size  may  be  due  to  the  immat 
stage  of  the  specimen.  Specimens  of  other  crocodilians  of  similar  s? 
and  of  species  which  are  somewhat  larger  than,  or  at  least  equallj 
large  as  C.  ifitermedius  in  the  adult  stages,  have  ver\'  large  bony  eye! 
Consequently  the  small  size  is  probably  a  si)ecific  character. 

The  Mandible 

The  mandible  is  very  long  and  slender.  The  symphysis  is  especi 
characteristic;  it  extends  back  to  the  level  of  the  spaces  between 
seventh  and  eighth  mandibular  teeth.  This  is  further  back  than  in 
other  species  of  Crocodilus  except  C.  cataphradus.  The  splenials  exi 
forward  as  far  as  the  level  of  the  eighth  mandibular  teeth,  not  q 
reaching  the  symphysis. 

The  usual  fifteen  mandil)ular  teeth  of  Crocodilus  are  present.  1 
are  all  evenly  spaced,  and  are  slender  and  sharp,  especially  those  in 
anterior  portion  of  the  jaw.  Many  of  the  anterior  teeth  point  outv 
to  a  certain  extent,  as  well  as  upward.  The  fourth  is  the  largest  of 
mandibular  teeth,  hut  the  specimen  studied  is  somewhat  distorte< 
outline,  and  the  fourth  tooth  on  the  right  side  is  curved  inward,  somev 
obscuring  its  true  characters. 


19211  Mock,  SkuU  Characters  of  Recent  Crocodilia  173 

The  amount  of  festooning  of  the  jaw,  and  of  pits  between  the  teeth 
for  lodgment  of  maxillary  teeth,  is  almost  negligible;  the  lateral  borders 
of  the  jaw  converge  in  the  anterior  direction,  however,  as  far  forward  as 
the  fifth  mandibular  teeth,  anterior  to  which  they  are  approximately 
parallel.  The  greatest  vertical  height  of  each  jaw  is  at  the  posterior  end 
of  the  external  mandibular  foramen.  On  the  supero-internal  border  of 
each  articular  bone  is  a  small,  but  conspicuous  foramen. 

The  specimen  studied  is  considerably  distorted,  as  mentioned  above. 
This  distortion  is  so  great  in  the  anterior  region  that  the  symphysis 
appears  to  be  oblique  in  position,  and  the  right  first  mandibular  tooth  is 
inedian  in  position. 

Measurements  Amer.  Mus.  No.  8790 

length  of  SkuU,  Tip  of  Snout  to  Supraoccipital  .  123M. 

I«igth  of  Skull,  Tip  of  Snout  to  Condyle  .  126 

length  of  Skull,  Tip  of  Snout  to  Posterior  Ends  of  Quadrates  .  1285 

Bieadth  Acroes  Quadrato-jugals  .050 

Breadth  Acroes  Cranial  Table  .  032 

Breadth  of  Snout  at  Base  .  030 

Length  of  Snout,  Anterior  End  of  Orbit  to  Tip  .  078 

l^ensth  of  Mandible  .  148 

l4»kg:Ui  of  Ric^t  Orbit  .  0225 

length  of  Left  Orbit  .  0230 


CrocodilUB  Johnstoni  Krefft 

No  material  was  available  for  a  direct  study  of  the  skull  of  this 
species.  The  following  brief  description  is  quoted  from  Boulenger. 
"  19  upper  teeth  on  each  side.  Snout  very  slender,  Gavial-like,  about 
three  times  as  long  as  broadat  the  base,  without  distinct  ridges;  mandibu- 
^r  smyphysis  long,  extending  to  the  sixth  tooth;  maxillaries  forming 
*  J^edian  suture  above,  behind  the  nasal  opening/'  The  last  character 
"^Btioned,  is  evidently  a  mistake;  no  true  crocodile  has  the  maxillaries 
^^^ting  at  the  median  Une  as  in  the  gavial;  evidently  premaxillaries 
^"^rie  meant. 


CrocodilUB  niloticus  Laurenti 

The  present  description  of  the  skull  of  this  six^cies  is  based  upon  a 
^  ^^ium-sized,  somewhat  over  half-grown  specimen  in  the  American 
^^^uin  Collections  (Amer.  Mus.  No.  10081). 
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General  Form 

The  snout  is  moderately  long,  being  slightly  over  one  and  two-thirds 
times  as  long  as  broad  at  the  base.  It  is  moderately  broad  at  its  anterior 
end,  and  is  considerably  constricted  at  the  "canine"  notches;  it  is 
greatly  expanded  at  the  level  of  the  fifth  maxillary  teeth,  and  again  con- 
stricted at  the  level  of  the  space  between  the  seventh  and  eighth  maxil- 
lary teeth.  It  has  a  pair  of  prominent  elevations  above,  internal  to,  and 
posterior  to  the  fifth  maxillary  teeth;  these  elevations  comespond  with 
the  very  deep  alveolar  openings  which  lodge  these  fifth  maxillary  teeth. 
The  snout  is  roughly  pitted,  but  has  no  median  elevation  such  as  that  of 
C  aniericanus;  cai  the  whole  it  is  relatively  low.  Anterior  to  each  orbit, 
and  in  line  with  the  inferior  border  of  the  orbit,  a  very  shallow  groove 
extends  forward  and  inward;  this  groove  consists  largely  of  an  interrup- 
tion of  the  pitting. 

The  cranial  table  is  small,  especially  in  the  lateral  direction;  it  is 
distinctly  concave,  differing  in  this  respect  from  C.  americaniis.    It  is 
very  rugose,  and  its  lateral  borders  converge  slightly;  its  posterior  border 
is  gently  concave,  with  a  prominent  median  process.    The  amount  of 
vertical  festooning,  in  both  upper  and  lower  jaws,  is  considerable.    In 
general,  the  form  of  the  skull  resembles  that  of  some  of  the  stouter  speci- 
mens of  C.  americanuSy  but  is  somewhat  more  robust  than  any  of  these - 

The  Cavities  of  the  Skull 

SuPRATEMPORAL  FENESTRiE. — Thcse  cavitics  are  small,  and  bmt^ 
veiy  close  together.    They  are  irregular  in  outline,  and  their  longitudin^J 
diameters  are  greater  than  their  transverse.    They  extend  directly  for^ 
and  aft  and  not  obUque.    The  size  of  the  two  fenestra  tc^ether  is  som^^ 
what  smaller  than  that  of  the  external  narial  aperture. 

Infratemporal  FENESTRiE. — These  cavities  are  of  moderate  siz^t^  » 
and  are  more  nearly  quadrangular  than  triangular  in  outline.  Tt»^^ 
posterior  processes  of  the  quadrato-jugals  which  enter  them  are  relatively 
small. 

Orbits. — The  orbits  are  rather  large,  and  their  longitudinal  dime«^ — 
sions  are  considerably  greater  than  their  transverse.    Their  longitudin^** 
axes  are  nearly  parallel.    They  are  far  apart,  and  their  superior  margir>^ 
are  slightly  uprolled  throughout,  and  considerably  so  at  their  anterior' 
and  posterior  ends. 

External  Narial  Aperture. — This  cavity  is  large;  its  latera^I 
borders  are  concave,  and  it  is  slightly  pointed  at  its  anterior  and  pos* 
terior  ends.    It  is  entered  posteriorly  by  the  anterior  processes  of  tb^ 
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Amer.  Mus.  No.  10081 


•  6.     Skull  ftod  jftwi  of  Crocodilun  niloticu*  Laurenti.    Amer.  Mua.  No.  10081.  onc^ixth  naturml 
•uperior  view  of  skull:  B.Uteral  view  of  iikull,  leftside;  C,  Ifttersl  view  o(  m«.TMi\VA«A«V\.%\dA\ 
*ior  view  of  mandible;  E,  inferior  view  of  skufl. 
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nasal  bones.  It  is  only  slightly  smaller  than  either  of  the  orbits.  In 
position  it  is  situated  far  back  on  the  snout;  its  anterior  end  is  slightly 
posterior  to  the  level  of  the  third  premaxillary  teeth,  and  its  posterior 
end  is  posterior  to  the  level  of  the  ** canine"  notches,  and  is  opposite  the 
level  of  the  first  niaxillar^'^  teeth. 

Premaxillary  Foramen. — The  premaxillary  foramen  is  small   It 
is  heart-shaped  in  outline,  and  its  length  and  breadth  are  about  equal. 

Palatine  P'ENESTRiE. — The  fenestrse  are  very  large.  They  extend 
forward  to  the  level  of  the  space  between  the  eighth  and  ninth  maxillaiy 
teeth.  Each  of  them  is  slightly  pointed  at  its  posterior  end,  and  broadly 
rounded  at  its  anterior  end;  its  internal  border  is  double  in  character,  the 
anterior  half  extending  forward,  and  its  posterior  half  extending  bad[- 
ward  and  outward;  its  external  and  postero-external  borders  are  not 
sharply  distinguished  from  each  other. 

Internal  Narial  Aperture. — The  internal  narial  aperture  is 
undivided  by  a  median  septum.  It  is  large,  especially  in  the  lateral 
direction;  it  faces  downward  and  backward,  but  not  backward  to  the 
extent  of  C.  americanus,  C,  cataphradus,  or  C.  intermedius 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillary  bones  are  distinctive  in  fonn. 
Their  anterior  portions,  anterior  to  the  nasal  orifice,  are  relatively  long, 
and  are  pierced  by  the  inferior  cavities  which  lodge  the  first  mandibubr 
teeth.  The  posterior  portions,  both  of  the  broad  area  behind  the  aperture 
and  the  narrow  posterior  processes,  are  short.  The  bones  are  slightly 
elevated  around  the  margins  of  the  aperture.  The  posterior  processes 
extend  back  very  short  distances,  but  reach  the  level  of  the  space  between 
the  third  and  fourth  maxillary  teeth,  in  consequence  of  the  backward 
position  of  the  whole  post  narial  region  of  the  bones;  these  short  processes 
extend  slightly  outward  as  well  as  backward. 

(^n  the  palate  the  premaxillaries  are  slightly  broader  than  they  are 
long.  The  suture  with  the  maxillaries  extends  backward  and  inward,  on 
each  side,  to  a  point  opposite  the  center  of  the  second  maxillary  tooth, 
then  irregularly  across  the  palate  to  the  similar  point  on  the  opposite 
side,  then  forward  and  outward  again.  At  the  posterior  extremity  of 
each  premaxillary,  about  midway  between  the  dental  border  and  the 
median  line,  is  a  sharp,  low,  irregular,  backward  pointing  process;  on 
one  ^^ide  there  is  a  corresponding  elevation  of  the  maxillary.  The  fourth 
teeth  are  the  largest  in  the  premaxillaries;  the  third  are  somewhat- 
smaller  in  size;  the  first  and  fifth  are  not  preserved  in  the  skull,  butfron^ 
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are  altogether  different  from  them  in  outline.  Their  sutures  with  the 
frontal  curve  graduaUy  from  the  internal  borders  to  the  orbits,  with  no 
sharp  angles  at  the  postero-internal  portions  of  the  bones. 

Frontal. — The  anterior  process  of  the  frontal  is  very  narrow;  it 
aends  forward  a  short  projection  between  the  posterior  ends  of  the  nasals. 
ItsiDterorbital  plate  is  relatively  broad,  and  is  concave  in  lateral  profile. 
The  bone  does  not  extend  back  for  any  considerable  distance  behind  the 
posterior  ends  of  the  orbits. 

PosTORBiTALS. — The  postorbitals  are  small,  especially  in  the  lateral 
direction.  They  comprise  about  two-fifths  of  the  lateral  borders  of  the 
cranial  table,  and  only  very  small  portions  of  the  borders  of  the  orbits. 
The  cranial  and  orbital  borders  are  not  sharply  separated  from  each 
other.    Their  edges  are  somewhat  elevated. 

Squamosals. — The  squamosals  are  considerably  elevated  along 
their  lateral  borders,  and  are  very  rough  in  these  regions.  Together 
they  occupy  about  three-fourths  of  the  posterior  border  of  the  cranial 
table. 

Pabietal. — This  bone  appears  to  be  long;  this  is  correlated  with 
the  very  narrow  interfenestral  space.  Its  anterior  border  almost  reaches 
the  level  of  the  posterior  ends  of  the  orbits.  It  occupies  about  one-fourth 
of  the  posterior  border  of  the  cranial  table,  and  is  extended  backward  for 
*  short  distance  as  a  short  process  along  the  median  line.  The  surface 
of  the  bone,  posterior  to  the  level  of  the  posterior  ends  of  the  supra- 
^naporal  fenestrse,  is  rather  deeply  excavated. 

Supraoccipital. — This  bone  has  no  part  in  the  composition  of  the 
surface  of  the  cranial  table,  but  occupies  a  very  small  area  of  the  surface 
of  its  posterior  median  projection,  between  the  lateral  portions  of  the 
posterior  projection  of  the  parietal  mentioned  above,  and  at  a  slightly 
Wer  level  than  the  surface  of  the  cranial  table.  On  the  posterior  surface 
of  the  skull  the  supraoccipital  extends  downward  about  two-thirds  of 
^he  distance  from  the  superior  border  to  the  foramen  magnum.  It  is 
^^'y  narrow,  laterally,  on  this  surface,  and  occupies  scarcely  one-fourth 
^^  ^be  transverse  dimension  of  the  cranial  table. 

Basioccipital,  Exoccipitals,  Basisphenoid,  and  Quadrates. — 
^»^^«e  bones  are  not  characteristic  of  the  species  in  their  outlines  or 
P^pertions. 

Quadrato-jugals. — The  quadrato-jugal  bones  are  short  and  stout, 
^c  anterior  projection  of  the  left  one  is  broken  off  in  the  specimen, 
"^t  the  right  one  is  preserved;  it  is  rather  short  and  broad.  The  antero- 
^^perior  processes  of  the  quadrato-jugals,  along  the  contacts  with  the 
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come  progressive!}'  shorter.    The  "canine"  notches  are  short  antew^-' 
posteriorly.    The  first  and  second,  and  second  and  third  maxillary  teethr 
are  close  together;  the  third  and  fourth  are  slightly  farther  apart,  and 
the  fourth  and  fifth  still  farther  apart.    The  fifth  and  sixth,  the  sixth  and 
seventh,  the  seventh  and  eighth,  and  the  eighth  and  ninth  maxillary  teeth 
are  all  rather  widely  spaced  from  each  other.    Posterior  to  the  ninth  the 
maxillar>'  teeth  are  spaced  progressively  closer  and  closer  together. 
Between  all  of  the  maxillary'  teeth  anterior  to  the  ninth  are  pits  whidi 
receive  mandibular  teeth;    between  the  sixth  and  seventh,  and  the 
seventh  and  eighth  these  pits  are  ver}'  deep.    From  the  ninth  maxillan' 
teeth  back  to  the  end  of  the  dental  series  the  upper  and  lower  teeth  evi- 
dently bit  against  each  other  and  not  against  the  jaws  themselves.  IIk 
maxillar>'  teeth  might  well  be  divided  into  two  distinct  groups;  the 
anterior  sharp  teeth  evidently  acted  more  or  less  as  a  unit,  while  the 
posterior  blunt  teeth  did  the  same.   The  external  edg^s  of  the  maxillarig 
are  deflected  downward  on  a  rather  large  scale,  so  the  bases  of  the  teeth, 
in  the  anterior  maxillaiy  region,  stand  above  the  level  of  the  palatal  plate. 

Nasals. — The  anterior  processes  of  the  nasals,  which  are  situated 
tetween  the  premaxillaries,  broaden  ver>'  rapidly,  and  the  broadest 
region  of  the  nasals  is  at  the  junction  of  the  premaxillaries,  maxillaiieB, 
and  nasals  with  each  other.  From  this  point,  which  is  slightly  anterior 
to  the  level  of  the  fourth  maxillary  teeth,  the  nasals  narrow  gradually  to 
their  minimum  breadth,  which  is  slightly  anterior  to  the  anterior  enda  of 
the  naso-lacr>'mal  sutures.  From  this  point  back  they  expand  veiy 
slightly,  and  then  converge  rapidly  in  the  posterior  direction,  ending, 
in  this  specimen,  at  the  level  of  the  eleventh  maxillary  teeth.  The  sutuiefl 
of  the  nasals  with  the  lacn'mals  are  slightly  shorter  than  their  sutures 
with  the  prefrontals.  The  two  nasals  are  very  slightly  wedged  apart  at 
their  posterior  ends  by  a  ver>'  small  anterior  projection  of  the  anterior 
process  of  the  frontal. 

Lacrymals. — The  lacr>'mals  are  large,  occupying  about  twice  as 
much  area  as  the  prefrontals.  Their  anterior  extremities  lie  over  the 
spaces  lH»tween  the  eighth  and  ninth  maxillar>'  teeth;  their  sutures  with 
the  maxillaries  are  ver>'  irregular  in* outline.  In  shape  they  are  relativeh' 
long  and  narrow,  and  they  converge  anteriorly  only  to  a  slight  degree. 
Their  sutures  with  the  prefrontals  are  about  two  and  one-half  times  a.* 
long  as  their  sutures  with  the  nasals. 

Prefrontals. — These  bones  are  long  and  narrow,  and  their  greatest 
diametei*s  converge  very  little,  if  at  all,  in  the  anterior  direction.   Theix" 
orbital  borders  are  considerably  shorter  than  their  lacrymal  borders, anci 
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the  thirteenth  and  fourteenth,  and  the  fourteenth  and  fifteenth  are  far 
apart;  the  eighth  and  ninth  are  very  far  apart.  The  first  eleven  teeth 
ivEkve  long  crowns,  the  twelfth  has  a  moderately  short  crown,  and  the 
thirteenth,  fourteenth,  and  fifteenth  have  short  crowns.  The  first 
t^^^lve  teeth  are  stout,  but  sharp-pointed,  while  the  last  three  are  blunt. 

Measurements  Amer.  Mus.  No.  10081 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  .  450M. 

L^ength  of  Skull,  Tip  of  Snout  to  Extremities  of  Quadrates  .  503 

^mdth  of  Skull  Across  Quadrato-jugals  .  562 

Bretdth  of  Skull  Across  Anterior  Ends  of  Orbits  .  180 

^mdU)  of  Snout  Across  Fifth  Maxillary  Teeth  .  146 

BiwMith  of  Snout  Across  "Canine "  Notches  . 086 

Breadth  of  Snout  Across  Premaxillaries  .  108 

Breadth  of  Space  Between  Supratemporal  Fenestrse  .  010 

Breadth  of  Space  Between  Orbits  .  053 

Length  of  Mandible,  Total  .  570 

Length  of  Mandible,  Left  Ramus  .  573 

Breadth  of  Mandible  .310 

Remarks 

In  many  respects  the  skull  of  this  species  very  closely  resembles 
that  of  Crocodilus  americanus.    The  proportions  in  the  present  species 
are  about  the  same  as  those  of  a  short-snouted  individual  of  C,  americanus. 
The  elevation  along  the  median  line  of  the  snout,  which  especially  char- 
acterizes the  latter  species,  is  often  lacking  or  feebly  developed,  so  that 
the  surface  of  the  snout  is  often  similar  in  the  two  species.    Upon  analyz- 
ing the  detailed  characters  of  the  two  species,  however,  a  number  of 
differences  may  be  noted;  the  position  of  the  external  narial  ap)erture  in 
the  two  species  is  different;  the  shape  and  degree  of  separation  of  the 
^pratemporal  fenestrse  are  different ;  the  relative  breadth  of  the  cranial 
table  to  the  total  breadth  of  the  skull  is  different;   the  outlines  of  the 
borders  of  the  cranial  table  and  orbits  are  different ;   the  shaf)e  of  the 
anterior  processes  of  the  frontal  in  the  two  species  is  different ;  the  shape 
of  the  quadrato-jugal  is  different ;  the  shape  of  the  premaxillary  bones, 
^th  on  the  snout  and  on  the  palate,  is  different ;  the  transverse  profile 
^  the  cranial  table  is  very  different;   the  character  of  the  interorbital 
plate  is  different;  the  forward  extension  of  the  palatine  fenestras  is  very 
different;  the  forward  extension  of  the  ectopterygoids  is  different;  the 
J^hape  and  position  of  the  internal  narial  aperture  are  different.    These 
differences  lead  one  to  suspect  that  the  similarities  between  the  two  species 
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quadrates,  are  very  short;    the  right  process  does  not  extend  farther 
forward  than  the  process  which  enters  the  infratemporal  fenestra. 

JuGALs. — The  jugals  are  stout;  they  extend  forward  to  the  kvel 
of  the  tenth  maxillary  teeth.  Their  anterior  portions  are  somewhat 
expanded  in  the  vertical  direction. 

Palatines. — The  suture  of  the  palatines  with  the  maxillaries  has 
l^een  describee!  above.  The  suture  with  the  pterygoids  extends  irregu- 
larly, but  not  far  from  transversely,  across  the  interfenestral  plate, 
slightly  anterior  to  the  posterior  ends  of  the  fenestrse.  The  palatines 
decrease  in  breadth  a  short  distance  posterior  to  the  post-erior  ends  of  the 
maxillo-palatine  sutures,  the  minimum  diameter  being  opposite  the 
eleventh  maxillaiy  t^eth.  From  this  point  back  they  expand,  until  at 
their  posterior  ends  they  are  broader  than  at  their  anterior  ends. 

Pterygoids. — Each  pter>'goid  occupies  a  very  small  portion  of  the 
*  posterior  lx)rder  of  the  corresponding  palatine  fenestra.    The  length  of 
the  two  pterygoids  along  the  median  line  is  great,  largely  owing  to  the 
small  antero-posterior  diameter  of  the  internal  narial  aperture. 

EcTOPTERYGOiDs. — These  bones  are  relatively  large.  They  extend 
as  far  forward  as  the  level  of  the  posterior  ends  of  the  alveoli  of  the  tenth 
maxillary  teeth.  The  anterior  processes  are  only  moderately  broad;  the 
postero-inferior  and  the  superior  processes  are  not  especially  stout. 

The  Mandible 

The  mandible  of  C.  niloticus  is  very  broad,  and  is  composed  d 
individually  stout  bones.  The  symphysis  extends  back  as  far  as  the 
posterior  borders  of  the  alveoli  of  the  fifth  mandibular  teetli.  The 
splenials  extend  forward  as  far  as  the  seventh  mandibular  teeth.  Tie 
external  mandibular  foramen  is  of  moderate  size  in  each  ramus.  The 
amount  of  vertical  festooning  of  the  jaws  is  very  slight,  and  the  degree 
of  excavation  of  the  sides  of  the  two  rami  by  the  superior  teeth  is  only 
noticeable  at  one  point  on  each  side,  i.e.,  the  space  which  receive?  the 
fourth  maxillary  tooth.  The  jaws  each  contain  the  usual  fifteen  teeth. 
There  are  not  enough  of  these  preserved  in  the  specimen  to  enable  one  to 
determine  their  relative  sizes  accurately,  but  judging  from  their  alvcoB 
the  first  were  the  largest,  the  fourth  second  in  size,  and  the  eleventh  next. 
The  spacing  of  the  teeth  is  very  irregular.  The  third  and  fourth  and  the 
fifth  and  sixth  teeth  are  very  close  together;  the  first  and  second,  the 
fourth  and  fifth,  the  sixth  and  seventh,  the  ninth  and  tenth,  the  tenthand 
eleventh,  and  the  eleventh  and  twelfth  are  moderately  far  apart;  white 
the  second  and  third,  the  seventh  and  eighth,  the  twelfth  and  thirteenth, 
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The  Cavities  of  ths  Skull 

SuPRATEMPORAL  Fenestile. — These  cavities  are  relatively  small; 
they  are  situated  moderately  close  together.  Their  boundaries  are  some- 
what upturned,  especially  near  the  median  line.  In  outline  each  is  sub- 
dreular,  the  inner  border  being  more  rounded  than  the  outer.  The 
maximiim  length  is  nearly  fore  and  aft  in  direction. 

LvFRATEMPORAL  Fenestile. — The  infratemporal  fenestrse  are  not 
sufficiently  characteristic  to  warrant  special  description. 

Orbits. — The  orbits  are  moderately  large  in  size.  In  outline  they 
are  rounded. 

External  Narial  Aperture. — This  cavity  may  be  described  as 
flharply  oval  in  outline.  It  is  somewhat  rounded  at  its  anterior  end.  It^ 
length  is  about  one  and  one-half  times  as  great  as  its  breadth.  The 
Diaal  bones  project,  as  a  short  process,  into  its  otherwise  pointed  pos- 
terior end. 

Premaxillary  Foramen. — This  small  cavity  is  broad  in  propor- 
tion to  its  length,  compared  with  other  species  of  Crocodilus,  It  is  pear- 
dttped  in  outline,  its  anterior  end  being  pointed,  and  its  posterior  end 
rounded;  its  lateral  borders  are  simple  curves. 

Pautine  Fenestra. — The  palatine  fenestrae  are  subquadrangular 
in  outline.  Their  internal  borders  are  nearly  straight  antero-posteriorly ; 
their  antero-internal  borders  are  straight;  the  external  borders  are 
curved;  the  anterior  ends  are  bluntly  pointed;  the  postero-external 
JwderB  are  straight.  The  fenestrse  extend  forward  to  the  level  of  the 
*pw«8  between  the  eighth  and  ninth  maxillary  teeth. 

Internal  Narial  Aperture. — This  cavity  is  broad  in  proportion 
to  its  length. 

The  Bones  of  the  Skull 

Prehaxillaries. — On  the  superior  surface  of  the  snout  the  pre- 
"^o-maxillary  suture  extends  backward  and  inward  on  each  side,  at 
»n  angle  of  about  45°  to  the  level  of  the  second  maxillary  teeth,  then 
extends  ahnost  directly  backward  to  the  level  of  the  fourth  maxillary 
|**th.  From  this  point  the  premaxillo-nasal  suture  extends  forward  and 
^^wdtoa  point  slightly  p)osterior  to  the  narial  aperture,  then  directly 
'orward  to  the  aperture  itself.  On  the  opposite  side  the  suture  follows  a 
'^erse  path. 

On  the  palate  the  premaxillo-maxillary  suture  extends  across  the 
^Wlin  an  almost  transverse  direction.  It  swings  slightly  backward, 
however,  reaching  the  level  of  the  first  maxillary  teeth. 
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are  not  due  to  close  relationship  between  them^  but  are  more  likely  tbe 
result  of  parallel  or  convergent  evolution,  in  adaptation  to  similar  sur- 
roundings, similar  habits,  or  similar  food. 

Crocodilus  palustriB  Lesson 

The  skull  of  this  species  is  here  described  from  one  half-grown  apeo- 
men  in  the  Museum  of  Comparative  Zoology  and  also  from  a  disarticu- 
lated skull  in  the  American  Museum. 

General  Form 

The  skull  is  short  and  broad;  the  breadth  across  the  quadrato- 
jugals,  across  the  base  of  the  snout,  and  across  the  premaxillaiy  r^;jonii 
great  in  proportion  to  the  total  length  of  the  skull.  The  premaiiHaiy 
region  is  narrow  in  comparison  with  the  snout  and  quadrato-jugal  repoD. 
On  each  side  is  a  sUght  but  conspicuous  notch  at  the  premaxillo^naxillaij 
suture  which  receives  the  fourth  mandibular  tooth;  posterior  to  this  the 
snout  expands  considerably  to  the  level  of  the  fifth  maxillary  teeth,  then 
constricts  again  at  the  seventh,  posterior  to  which  it  expands  apun. 
The  length  of  the  snout  is  about  one  and  one-half  times  its  breadth  at  the 
base.  Its  superior  surface  is  flat  in  general,  but  it  is  crossed  by  three  more 
or  less  concentric  shallow  grooves;  these  are  U-shaped,  with  the  concan- 
ties  facing  forward.  The  anterior  one  crosses  the  mid-line  at  the  Icwl 
of  the  fourth  maxillary  teeth,  extending  forward  and  outward,  on  each 
side,  to  the  '*  canine  *'  notch,  immediately  posterior  to  the  premaxiBih 
maxillary  suture.  The  second,  whose  lateral  portions  diverge  more  wicfc- 
ly,  crosses  the  mid-line  between  the  levels  of  the  fifth  and  sixth  maxillanr 
teeth.  The  third,  which  is  larger  than  either  the  first  or  the  second, 
crosses  the  mid-line  at  the  level  of  the  seventh  maxillary  teeth;  the 
kteral  arms  of  this  groove  are  nearly  parallel;  they  cross  the  lateral anns 
of  the  second  groove.  A  fourth  groove,  which  is  small  and  irregular, 
crosses  the  mid-line  at  the  level  of  the  spaces  betwen  the  eighth  and  nioA 
maxillary  teeth.  Above  the  spaces  between  the  fifth  and  sixth  maxiDa? 
teeth  is  a  pair  of  rounded  elevations;  these  evidently  lodge  the  bases rf 
the  large  fifth  maxillary  teeth. 

The  cranial  table  is  flat.  It  is  nearly  rectangular  in  outline.  "H* 
superior  borders  of  the  orbits  are  elevated  into  ridges;  these  continM 
in  the  anterior  direction  beyond  the  orbits,  and  turn  inward  immediately 
posterior  to  the  maxillo-lacrymal  sutures;  they  die  out  near  the  nasals. 
The  external  narial  aperture  is  bounded  by  an  elevation  of  the  surface o{ 
the  snout. 
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Frontal. — The  anterior  process  of  the  frontal  is  very  long  and 
slender;  it  wedges  apart  the  posterior  ends  of  the  nasal  bones  for  a  con- 
siderable distance.     Its  interorbital  portion  is  somewhat  concave. 

Squamosals. — The  squamosals  are  characterized  by  their  flat 
postero-external  corners. 

Parietal. — The  parietal  bone  has  slightly  elevated  ridges  surround- 
ing the  supratemporal  f enestrse. 

SuPRAOCCiPiTAL. — This  bone  appears  to  occupy  a  small  triangular 
area  on  the  posterior  edge  of  the  cranial  table.  The  sutures  are  not  clear, 
however.  On  the  posterior  surface  of  the  skull  the  supraoccipital 
occupies  but  little  space.  In  the  vertical  direction  it  extends  downward 
somewhat  less  than  one-half  the  distance  from  the  superior  border  to  the 
foramen  magnum.    In  the  transverse  direction  also  its  extent  is  slight. 

ExocciPiTALs,  Basioccipital,  Basisphenoid,  Quadrates,  and 
P08TORBITALS. — These  bones  are  not  particularly  characteristic. 

QuADRATO-JUGALS. — The  quadrato-jugals  are  relatively  short  and 
broad.  Their  anterior  free  processes  are  low  in  position,  being  nearer  the 
quadrato-jugal-jugal  sutures  than  the  centers  of  the  posterior  borders. 

JuGALS. — The  jugals  are  not  especially  characteristic.  They  appear 
to  be  high  vertically  in  proportion  to  their  length. 

Palatines. — These  bones  extend  forward  in  a  sharp  point  at  the 
niedian  line.  Their  sutures  with  the  maxillaries  have  been  described 
above.  They  are  relatively  short;  their  anterior  extremities  extend  as  far 
forward  as  the  level  of  the  seventh  maxillary  teeth.  The  bones  are  broad- 
est near  the  suture  with  the  pterygoids.  This  suture  is  W-shaped,  with 
the  apex  of  the  W  directed  forward. 

Pterygoids. — The  pterygoids  form  only  very  small  portions  of  the 
borders  of  the  palatine  fenestrse.  Their  posterior  borders  consist  of  two 
wncave  lines  separated  by  the  median  notch. 

Ectopterygoids. — These  bones  are  short  and  stout.  Their  anterior 
processes  extend  forward  to  the  level  of  the  eleventh  maxillar>'  teeth. 
Their  vertical  processes  are  nearly  perpendicular  to  their  anterior  proces- 
ses. 

Mandible 
The  mandible  is  short  and  broad.    The  symphysis  extends  back  to 
the  level  of  the  fourth  mandibular  teeth;    the  splenials  do  not  extend 
forward  close  to  the  symphysis. 
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Each  premaxillary  contains  five  teeth.  Of  these  the  first 
small,  and  is  close  to  the  median  line.  It  is  separated  from  the  seco 
by  a  considerable  space,  in  the  usual  crocodilian  manner.  The  pitwh: 
receives  the  first  mandibular  tooth  lies  partly  between  the  first  and  seco 
premaxillarj'^  teeth,  and  partly  internal  to  them.  The  second  toot! 
small  and  is  close  to  the  third,  which  is  approximately  equal  to  the  i 
in  size.  The  third  and  fourth,  and  the  fourth  and  fifth  are  spaced  rat 
far  apart,  the  spaces  in  the  two  cases  being  approximately  equal.  P& 
in  these  spaces,  and  partly  internal  to  them  are  the  shallow  ] 
which  receive  the  second  and  third  mandibular  teeth.  The  fourth  to 
in  each  premaxillary  is  large,  and  the  fifth  is  of  medium  size. 

Maxillaries. — On  the  superior  surface  of  the  skull  these  bonea 
rather  broad  and  short.  The  maxillo-nasal  suture  is  practicaUy  fore 
aft  in  direction ;  the  maxillo-lacrymal  suture  is  transverse  on  each  sic 

The  maxillo-palatine  suture  on  the  palatal  surface  of  the  skull 
tends,  on  each  side,  a  considerable  distance  backward  and  inward  f 
the  anterior  end  of  the  palatine  fenestra,  then  turns  directly  forw 
and  at  the  level  of  the  eighth  maxillar>'  teeth  turns  inward  toward 
median  line;  it  meets  this  at  the  level  of  the  anterior  ends  of  the sevi 
maxillar>'  teeth,  or  very  slightly  farther  forward.  The  two  oppi 
sutures  meet  each  other  with  an  acute  angle.  The  maxillo-ectopteiy, 
suture  extends,  on  each  side,  from  the  level  of  the  eleventh  maxil 
teeth  to  a  point  only  slightly  posterior  to  the  last  maxillarj'  tooth. 

Each  maxillary  contains  fourteen  teeth;  the  first  six  of  these 
short,  but  sharp,  the  last  eight  are  short  and  blunt. 

Nasals. — The  nasal  bones  are  long  and  slender.  Their  cont 
with  the  premaxilkries  have  been  noted  above.  They  are  broadest 
mediately  anterior  to  their  contacts  with  the  lacrimals.  The  n 
lacrymal  sutures  are  very  short;  the  naso-prefrontal  sutures  are  so 
what  longer.  Posteriorly  the  extremities  of  the  nasals  are  separated  1 
long  slender  process  of  the  frontal. 

Lacrymals. — These  bones  are  of  moderate  size.  They  are  appr 
mately  equal  to  the  prefrontals  in  surface  area,  possibly  being  sligl 
smaller.  In  outline  each  lacrj-mal  Ls  crescentic,  having  a  convex  qua 
circle  for  an  anterior  border,  and  a  concave  quarter  circle  for  a  postei 
one.  The  orbital  border  of  each  lacrymal  is  sUghtly  less  than  the  orb 
border  of  each  prefrontal. 

Prefroxtal.s. — The  prefrontal  bones  are  large  and  conspicii 
They  are  irregularly  hexagonal  in  outline. 
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pointed,  except  for  the  entrance  of  the  nasal  bones  into  the  cavity  with  a 
short  median  process.  The  premaxillaries  extend  back  from  the  anterior 
end  as  a  very  short  median  process. 

Premaxillart  Foramen. — The  inferior  premaxillary  foramen  is 
very  small,  and  is  rounded  triangular  in  outline. 

Palatine  Fenestrs. — The  palatine  fenestrse  are  long  and  narrow 
in  outline.  Their  external  borders  are  nearly  parallel  straight  Unes, 
but  have  very  gentle  concave  curvatures;  anteriorly  the  fenestrse  are 
rounded;  near  their  posterior  ends  is  a  pair  of  obUque  borders,  which  are 
equally  external  or  posterior  in  direction;  near  the  postero-internal  ends 
of  these  borders  the  fenestra  terminate  in  sharp  points;  the  internal 
borders  are  characteristic  of  the  species;  from  the  anterior  ends  of  the 
fenestrffi  these  borders  extend  backward  and  inward  in  the  usual  crocodi- 
lian manner,  then  extend  outward  again  toward  the  posterior  ends.  This 
posterior  expansion  is  very  marked  in  the  old  individuals,  and  is  corre- 
lated with  the  presence  of  a  great  expansion  of  the  palatine  bones,  evi- 
dently surrounding  an  expansion  of  the  nasal  passage.  The  fenestrse 
extend  as  far  forward  as  the  ninth  maxillary  teeth. 

Internal  Narial  Aperture. — This  cavity  is  relatively  very  small, 
^  is  unusual  in  its  position.  It  is  situated  at  the  posterior  end  of  the 
INdate,  as  in  other  crocodiles,  but  opens  obliquely  downward  and  back- 
^^vd,  instead  of  downward  in  the  usual  manner. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  comparatively  broad  in 
P'^portion  to  their  length,  especially  in  the  older  specimens.  Their 
P^^rior  processes  extend  back  as  far  as  the  third  maxillary  teeth  in 
®^e  specimens,  and  not  quite  as  far  as  the  second  in  others.  On  the 
'^te  the  premaxillo-maxillary  suture  extends  backward  as  far  as  the 
^^cond  maxillary  teeth;  it  is  W-shaped,  with  the  apex  of  the  W  directed 
^"^"^ard;  this  apex  does  not  extend  farther  forward,  however,  than  the 
^^terior  borders  of  the  first  maxillary  teeth. 

There  are  five  teeth  in  each  premaxillary.    The  fourth  is  the  largest, 

^e  third  next  in  size,  the  first  and  fourth  are  about  equal  to  each  other 

^d  are  smaller  than  the  third,  and  the  second  is  minute.    In  both  young 

^d  old  individuals  the  second  is  situated  very  close  to  the  third,  and  in 

some  cases  the  alveoli  of  the  second  and  third  are  confluent.    The  pits 

wbich  lodge  the  mandibular  teeth  are  situated  between  the  premaxillary 

^h  and  not  internal  to  them.    The  pits  for  the  first  mandibular  teeth 

are  very  large,  and  in  all  the  specimens  studied  open  upon  the  superior 
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Measurements  Specimen  in  Mus.  Comp.  25ool. 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  .2S5M. 

Length  of  Snout  .U9 

Breiidth  of  Skull  Across  Quadrato-jugals  .  147 

Breadth  of  Cranial  Table,  Posterior  End  .079 

Breadth  of  Snout  at  Base  .  112 

Breadth  of  Snout  Across  Fifth  Maxillary  Teeth  .087 

Length  of  Mandible  .3Q6(at 

CrocodiluB  porosus  Schneider 

The  description  is  based  upon  a  huge  specimen  in  the  Warren  Col 
lection  in  the  American  Museum  (Amer.  Mus.  No.  15179)  and  tw 
smaller  specimens  (Amer.  Mus.  Nos.  7131  and  7115).  A  number  c 
characters  have  been  verified  on  specimens  in  the  Museum  of  Compan 
tive  Zoology. 

General  Fonn 

The  skull  of  Crocodilus  porosiLS  is  characteristic  in  form.  It  is  ti 
angular  in  outline,  and  relatively  short.  The  species  is  easily  recognin 
by  the  very  massive  proportions  of  the  skull  bones,  which  are  unusual 
thick,  also  by  a  pair  of  ridges  which  extend  forward  and  very  slighUy  i 
ward  from  the  anterior  ends  of  the  orbits.  The  snout  is  broad,  but  is  d> 
high;  it  is  moderately  sharp  in  young  individuals  and  rounded  in  o 
ones.  The  lateral  constrictions  are  deep  and  the  vertical  festoonii 
pronounced,  even  in  relatively  young  individuals,  and  in  old  ones  the 
characters  are  developed  to  an  excessive  degree.  The  cranial  table  ar 
interorbital  spaces  are  more  or  less  concave. 

The  Cavities  of  the  Skull 

SuPRATEMPORAL  FENESTRA. — The  supratemporal  fenestrs  a 
small  and  are  subtriangular  in  outline.  They  are  situated  relative! 
close  together. 

Infratemporal  Fenestra. — The  infratemporal  fenestra  are  ui 
usually  small,  esj)ecially  in  the  older  individuals. 

Orbits. — In  the  younger  individuals  the  orbits  are  moderatel 
large,  each  of  them  being  larger  than  the  narial  apertui-e;  in  the  olA 
specimens  the  orbits  are  small,  each  being  considerably  smaller  then  ti 
narial  aperture.  The*  orbits  are  round  in  outline,  and  are  situated  ratlw 
far  apart. 

External  Narl\l  Aperture. — This  cavity  is  of  moderate  sift 
both  in  young  and  old  individuals.     It  is  rounded  in  outline,  but 
broader  in  its  anterior  half  than  in  its  posterior.    The  posterior  end 
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pointed,  except  for  the  entrance  of  the  nasal  bones  into  the  cavity  with  a 
short  median  process.  The  premaxillaries  extend  back  from  the  anterior 
end  as  a  very  short  median  process. 

Premaxillary  Foramen. — The  inferior  premaxillary  foramen  is 
veiy  small,  and  is  rounded  triangular  in  outhne. 

Palatine  Fenestrs. — The  palatine  fenestrae  are  long  and  narrow 
in  outline.  Their  external  borders  are  nearly  parallel  straight  lines, 
but  have  very  gentle  concave  cmratures;  anteriorly  the  fenestras  are 
rounded;  near  their  posterior  ends  is  a  pair  of  oblique  borders,  which  are 
equally  external  or  posterior  in  direction;  near  the  postero-internal  ends 
of  these  borders  the  fenestra  terminate  in  sharp  points;  the  internal 
borders  are  characteristic  of  the  species;  from  the  anterior  ends  of  the 
fenestrjB  these  borders  extend  backward  and  inward  in  the  usual  crocodi- 
lian manner,  then  extend  outward  again  toward  the  posterior  ends.  This 
posterior  expansion  is  very  marked  in  the  old  individuals,  and  is  corre- 
lated with  the  presence  of  a  great  expansion  of  the  palatine  bones,  evi- 
dent surrounding  an  expansion  of  the  nasal  passage.  The  fenestrae 
extend  as  far  forward  as  the  ninth  maxillary  teeth. 

Internal  Narial  Aperture. — This  cavity  is  relatively  very  small, 
^  is  unusual  in  its  position.  It  is  situated  at  the  posterior  end  of  the 
Palate,  as  in  other  crocodiles,  but  opens  obUquely  downward  and  back- 
^^wd,  instead  of  downwsu'd  in  the  usual  manner. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  comparatively  broad  in 
P'^portion  to  their  length,  especially  in  the  older  specimens.  Their 
'^erior  processes  extend  back  as  far  as  the  third  maxillary  teeth  in 
^^e  specimens,  and  not  quite  as  far  as  the  second  in  others.  On  the 
^^^te  the  premaxiUo-maxillary  suture  extends  backward  as  far  as  the 
^*^^nd  maxillary  teeth;  it  is  W-shaped,  with  the  apex  of  the  W  directed 
^^rward;  this  apex  does  not  extend  farther  forward,  however,  than  the 
^'^terior  borders  of  the  first  maxillary  teeth. 

There  are  five  teeth  in  each  premaxillary.    The  fourth  is  the  largest, 

^c  third  next  in  size,  the  first  and  fourth  are  about  equal  to  each  other 

^d  are  smaller  than  the  third,  and  the  second  is  minute.    In  both  young 

^Jid  old  individuals  the  second  is  situated  very  close  to  the  third,  and  in 

^nae  cases  the  alveoU  of  the  second  and  third  are  confluent.    The  pits 

^hich  lodge  the  mandibular  teeth  are  situated  between  the  premaxillary 

^Mh  and  not  internal  to  them.    The  pits  for  the  first  mandibular  teeth 

^  very  large,  and  in  all  the  specimens  studied  oj^en  upon  the  superior 
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Face  of  the  skull  as  foramina.  The  pits  for  the  second  and  third 
ndibular  teeth  are  situated  between  the  third  and  fourth,  and  fourth 
L  fifth  premaxillary  teeth  respectively;  they  are  conspicuous  in  the 
ngskuUs,  but  are  scarcely  discernible  in  the  great  skull  in  the  Warren 
lection. 

Maxillaries. — The  maxillaries  are  relatively  long.  The  maxillo- 
al  sutures  extend  along  the  preorbital  ridges  mentioned  above.  The 
jres  with  the  ectopterygoids  extend  as  far  forward  as  the  tenth 
idllary  teeth.  The  maxillaries  comprise  practically  no  part  of  the 
^mal  borders  of  the  palatine  fenestra  in  the  young  specimens,  in  the 
*r  ones  they  occupy  small  places.  The  sutures  with  the  palatines  ex- 
d  inward  and  backward  short  distances  from  the  anterior  ends  of  the 
»tr«,  then  extend  forward  in  irregular,  but  roughly  parallel  lines  to  a 
rit  opposite  the  seventh  maxillary  teeth,  where  they  turn  sharply  in- 
"d  and  meet  on  the  median  line.  The  teeth  increase  regularly  and 
Ldly  from  the  first  to  the  fifth;  posterior  to  the  fifth  they  decrease  in  a 
re  or  less  irr^ular  manner.  From  the  first  to  the  sixth,  the  teeth 
:ctch  maxillary  are  equally  close  together;  the  sixth  and  seventh,  and 
seventh  and  eighth  are  separated  by  broad  spaces  which  contain  pits 
reception  of  mandibular  teeth;  posterior  to  the  eighth  maxillary 
-1  the  teeth  are  spaced  somwhat  closer  together.  In  the  two  medium- 
ci  skulls  studied  the  right  maxillaries  contain  thirteen  teeth  each  and 
left  ones  fourteen;  in  the  large  skull  each  maxillary  contains  fourteen 

2K)li. 

Nasals. — The  nasals  are  very  narrow;  their  posterior  extension  is 
i^ewhat  variable,  in  some  cases  reaching  nearly  to  the  level  of  the 
its,  in  others  being  widely  separated  from  the  latter.  At  their  anterior 
-m  they  enter  the  narial  aperture  as  a  conspicuous  process.  The  sutures 
h  the  lacrymals  are  very  short;  those  with  the  prefrontals  arecon- 
^rably  longer,  and  are  variable  in  form.  The  two  nasals  are  usually 
V  slightly  wedged  apart  by  a  thin  process  of  the  frontal. 

Lacrymals. — The  lacrymal  bones  are  of  medium  size,  and  have 
i-ly  parallel  internal  and  external  borders;  their  sutures  with  the 
sis  are  very  short,  but  those  with  the  prefrontals  are  long.  They 
Upy  the  entire  anterior  ends  of  the  orbits,  and  they  carr\'  the  most 
ninent  portions  of  the  great  preorbital  ridges. 

Prefrontals. — The  prefrontals*  are  long  and  slender.  Their 
tacts  with  the  nasals  and  with  the  frontal  are  al)out  equal  in 
Wh.  They  occupy  about  half  of  the  superior,  or  internal,  l)orders 
%he  orbits. 
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Frontal. — The  median  frontal  bone  is  very  long  in  proportion 
its  breadth,  especially  in  the  younger  individuals.    The  anterior 
is  narrow,  and  in  Amer.  Mus.  No.  7131  it  sends  forward  an  exceeding^Sy 
long  and  thin  process  between  the  nasals.    The  sutures  with  the  t 
postorbital  bones  and  the  parietal  together  form  a  roughly  semicirc 
figure;  along  the  median  line  the  suture  with  the  parietal  bends  si 
backward  on  each  side,  the  frontal  sending  back  a  small  process  into  tr 
parietal  region. 

PosTORBiTALS. — The  postorbital  bones  are  small;  at  the  surfj 
they  occupy  scarcely  one-half  the  space  which  is  occupied  by  the  sq 
mosals;  aside  from  this  they  are  not  characteristic. 

Squamosals. — These  bones  are  relatively  large.     As  mentiociL^^<l 
above,  they  are  about  twice  the  size  of  the  postorbitals,  and  are 
tively  large  in  proportion  to  the  other  surrounding  bones.    Their  post^ 
external  processes  are  long  and  thick. 

Parietal. — The  parietal  is  of  moderate  size.  Its  shape  at 
surface  follows  very  closely  the  outUne  of  a  crossHsection  of  a  T-rail. 
median  portion,  between  the  supratemporal  fenestra,  is  very  small. 

SupRAOCCiPiTAL. — The  supraoccipital  is  relatively  small.     In 
younger  specimens  it  has  no  place  in  the  cranial  table,  but  in  the 
skull  in  the  Warren  Collection  it  occupies  a  very  small  place  at  the 
tcrior  end  of  the  table.    On  the  posterior  aspect  of  the  skull  the  bo; 
extends  downward  from  one-half  to  three-fifths  of  the  distance  from 
cranial  table  to  the  foramen  magnum. 

Quadrates,  Exoccipitals,  Basioccipital,  and  Basisphenoid. 
These  bones  are  not  especially  characteristic,  except  for  their  great  thick- 
ness and  massive  construction. 

Quadrato-jugals. — The  quadrato-jugals  are  broad  at  their 
external  ends,  and  they  narrow  considerably  in  the  direction  of  thdr 
antero-internal  ends.    The  characteristic  Crocodilus  process  which  ex- 
tends into  each  infratemporal  fenestra  is  very  sharp. 

JuGALs. — The  jugals  are  characterized  by  their  very  great  vertical 
height,  which  is  unusually  great  in  proportion  to  their  length. 

Palatines. — The  palatines  are  characteristic  in  form,  especially  in 
the  older  individuals.  The  suture  with  the  maxillaries  has  been  described 
above.  That  with  the  pterygoids  is  variable  in  outline;  it  may  be  direct- 
ly transverse,  irregularly  curved,  or  a  combination  of  a  V  and  a  W,  wi 
the  long  central  apex  directed  forward.  The  palatines  differ  from  thoee  o- 
other  species  in  being  greatly  expanded  posteriorly  and  superiorly 
assist  the  pterygoids  in  enclosing  a  considerable  enlargement  of  the 
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They  extend  forward  to  the  level  of  the  seventh  maxillary 


t-eeth. 

Ptertgoids. — The  pterygoids  are  more  or  less  characteristic  in 
foxm.  They  occupy  the  posterior  ends  of  the  borders  of  the  palatine 
f^xiestrfle.  The  posterior  portion  of  the  palatine  surface,  which  they 
ocrcupy,  is  only  slightly  concave  in  the  younger  specimens,  but  is  much 
EKM^^re  concave  in  the  older  ones.  The  anterior  portions  of  the  pterygoids 
l<=»in  the  palatines  in  enclosing  the  expansion  of  the  nasal  passage  men- 
t.i^)ned  above. 

EcTOPTERYGOiDS. — Thesc  bones  extend  as  far  forward  as  the  tenth 
m^TJIlary  teeth.  Their  inferior  processes,  which  articulate  with  the 
X>^eiygoids,  are  very  stout;  their  superior  and  posterior  processes,  how- 
^"ver,  are  relatively  slender. 

The  Mandible 

The  mandible  of  C.  'porosus  is  characterized  by  a  relatively  great 

spread  of  the  two  rami  in  proportion  to  the  length,  and  especially  by  the 

C^*eat  vertical  diameter  and  the  great  thickness  and  strength  of  the 

^^"^>oiponent  bones.    This  is  especially  marked  in  the  older  individuals. 

*be  symphysis  extends  as  far  back  as  the  fifth  mandibular  teeth. 

The  teeth  are  rather  large  in  size,  and  are  conspicuously  striated. 
The  usual  crocodilian  number  of  fifteen  is  present  in  each  ramus,  and  the 
^•ourth  is  the  largest  and  the  eleventh  next  in  size  as  is  common  in  the 
^nus  Crocodilus.  The  first  twelve  teeth  are  subconical  in  form  and  are 
sharply  pmnted.  The  last  three  teeth  are  flat  and  blunt.  The  first  and 
*^cond,  the  seventh  and  eighth,  the  ninth  and  tenth,  and  the  thirteenth 
**^d  fourteenth  teeth  are  moderately  far  apart,  the  second  and  third  and 
^oe  eighth  and  ninth  are  very  far  apart;  the  remainder  of  the  teeth  are 
^*OQe  together.  In  the  old  Warren  skull  the  jaw  is  distinctly  festooned, 
^  correspond  with  the  outline  of  the  maxillary  border,  but  the  amount 
^^  grooving  for  the  reception  of  maxillary  teeth  is  slight. 

Measurements 

American  Museum 
No.  7115  No.  7131             No.  15179 
l-^'Ugth  of  Skull,  Tip  of  Snout  to  Supra- 
occipital                                                      .305M.  .360M.                .(U2M. 
^-^ngth  of  Skull,  Tip  of  Snout  to  Ends  of 

Quadrates                                                .335  .387                   .721 

"^^^^h  of  Snout                                                .205  .248                      464 

^twdth  of  Skull,  Across  Quadrato-jugals        .  160  174                     369 
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Measurements  (continued) 

American  Museum 

No.  7115 

No.  7131 

No.  15179 

Breadth  of  Cranial  Table,  Posterior  End 

.090 

.094 

.177 

Breadth  of  Snout  at  Base 

.112 

.121 

.260 

Breadth  of  Snout  Across  Fifth  Maxillary 

Teeth 

.087 

.091 

.220 

Breadth   of   Snout  Across   "Canine" 

Notches 

.048 

.052 

.131 

Breadth  of  Snout  Across  Narial  Aperture 

.056 

.065 

.ISSteitJ 

lipngth  of  Mandible 

.370 

•  •  •  • 

.785 

Breadth  of  Mandible 

.  147(est.) 

.187 

.390 

Crocodilus  rhombif  er  Cuvier 
The  material  which  forms  the  basis  of  the  present  description  is  one 
skull,  28.5  cm.  long  (Mus.  Comp.  Zool.  No.  4042). 

General  Form 

The  shape  of  the  skull  in  Crocodilus  rhambifer  is  characteristic. 
The  snout  is  short,  being  about  one  and  one-half  times  as  long  as  broal 
at  the  base.  The  snout  differs  from  that  of  any  other  species  of  CroeodHuf 
in  being  very  high  vertically  in  proportion  to  its  breadth.  In  transversa 
profile  the  snout  is  triangular,  the  base  of  the  triangle  being  the  palatal 
surface,  and  the  apex  the  median  line  of  the  snout.  The  name  rhambifer 
refers  to  a  rhombic  plate,  whose  posterior  borders  are  the  internal  border* 
of  the  orbits  and  whose  anterior  borders  consist  of  a  pair  of  oblique  ridges 
converging  in  front  of  the  orbits.  This  character  is  not  well-marked  ii 
the  specimen  studied.  The  snout  is  broadly  rounded  anteriorly,  andL 
considerably  constricted  at  the  '* canine"  notches;  in  spite  of  thiscoi^ — 
striction  the  portion  of  the  snout  between  the  two  notches  is  broad.  Tlt^ 
constriction  posterior  to  the  sixth  maxillary  t^eth  is  also  conspicuous - 
The  vertical  festooning  is  very  pronounced. 

The  cranial  table  is  concave;  and  its  postero-external  angles  projec?* 
sharply  outward  and  upward,  much  as  in  C.  robuMtis  Vaillant  aa*^ 
Grandidier;  these  angles  are  exceedingly  rugose,  not  with  the  nonn^^ 
crocodilian  skull  pitting,  but  with  a  much  finer  textured  and  irregul*^ 
type  of  rugosity.  The  median  posterior  process  of  the  cranial  tabk  i^ 
prominent.  The  lateral  borders  of  the  cranial  table  converge  anteriorly 
to  a  marked  degree,  and  the  antero-external  angles  are  not  prominent. 
The  pitting  of  the  entire  skull  is  somewhat  finer  textured  than  in  mos< 
species  of  crocodiles. 
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The  Cavities  of  the  Skull 

SiPRATEMPORAL  Fenebtrs. — Thesc  cavities  are  of  moderate  size, 
^acl  being  slightly  smaller  than  the  external  narial  aperture.  They  are 
-«ul>circular  in  outline,  and  are  close  together. 

Infratemporal  Fenestra. — These  fenestra  are  about  equal  in 
siz«  to  the  supratemporal  fenestrse;  they  are  irregularly  triangular  in 
oii'tline,  and  the  quadrato-jugal  processes  on  their  posteronsuperior 
l>oixlers  are  small. 

Orbits. — The  orbits  are  of  moderate  size,  and  are  slightly  longer 
t  ti^n  broad.  They  are  rather  widely  separated.  A  small  supraorbital 
t>one,  or  bony  eyelid,  is  present  on  the  superior  border  of  each  orbit. 

External  Narial  Aperture. — This  cavity  is  large,  being  inter- 
tt^^diate  in  size  between  the  orbits  and  the  supratemporal  fenestrae.  It  is 
s^^^l)qiiadrangular  in  outline,  and  is  somewhat  longer  than  broad.  The 
interior  processes  of  the  nasals  enter  the  orifice  as  a  conspicuous  promi- 

pREAfAXiLLARY  FoRAMEN. — The  prcmaxillary  foramen  is  small.  It 
^^  beart-shaped,  and  is  somewhat  longer  than  broad. 

Palatine  Fenestra. — The  palatine  fenestra  are  large.  They  are 
^^parated  from  the  teeth  by  broad  plates  of  the  maxillaries  and  ectoptery- 
®^d8.  They  are  somewhat  irregular  in  shape;  their  anterior  ends  are 
^*^ariJy  rounded  and  their  posterior  ends  broadly  rounded.  Both  the 
^^temal  and  the  internal  borders  of  these  fenestra  are  concave.  The 
^^vities  themselves  are  relatively  broad  in  proportion  to  their  length. 
-*^y  extend  forward  to  the  level  of  the  eighth  maxillary  teeth. 

Internal  Narial  Aperture. — This  cavity  is  relatively  large,  and 
^^^^cupies  a  large  portion  of  the  pterygoids  along  their  median  line.  It 
^Pens  almost  directly  downward;  it  is  divided  by  a  median  septum. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  short  and  broad.  Their 
posterior  processes  extend  only  slightly  farther  back  than  the  level  of 
^e  second  maxillary  teeth;  these  processes  are  broad.  The  pre- 
^^^xillaries  narrow  considerably  at  the  ** canine"  notches,  but  in  spite  of 
^lus  the  snout  is  relatively  broad  at  the  notches.  The  anterior  ends  are 
l>ix>adly  rounded. 

On  the  palate  the  premaxillo-maxillary  suture  is  very  irregular  in 

outline.   It  does  not  extend  back  of  the  level  of  the  first  maxillary  teeth. 

It  is  situated  nearer  the  first  maxillary  tooth  on  each  side,  than  the  last 

prcniaxillary  tooth.    The  premaxillaries,  therefore,  occupy  most  of  the 
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surfaces  of  the  "canine''  notclies.  Extending  inward  from  the  DotA 
ifi  a  pair  of  shallow  Krooves,  c\'idently  u^d  in  lodging  the  fourth  mandib' 
lac  teeth  during  lateral  niovenient  of  the  jaws.  The  breadth  of  tl 
palatal  surfaces  of  the  premaxillarios  is  somewhat  greater  than  the 
length. 

There  are  five  teeth  in  eueli  premaxillai^';  the  fourth  tooth  is  th 
latgeHt.  The  teeth  arc  all  considerably  stouter  than  those  in  olbfl 
crocodilian  skulls  of  the  same  size.    They  are  situated  on  pedicles,  vili 


i 
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gX^iOYes  between,  but  the  pedicles  are  not  readily  seen  in  a  lateral  view, 
&s  a  downward  projecting  flange  of  the  rim  of  the  premaxillary  hides  the 
ixm^rvening  grooves.  The  first  tooth  of  each  premaxillary  is  separated 
fx-'om  the  second  by  a  very  deep  pit,  which  lodged  the  first  mandibular 
tooth;  this  pit  has,  in  each  premaxillary,  been  extended  upward  to  open 
OKB.  the  superior  surface  as  a  conspicuous  foramen;  it  is  partly  in  line 
^^th  the  teeth  themselves,  and  partly  internal  to  them.  The  small 
s^^cond  tooth  is  situated  very  close  to  the  third  tooth,  the  alveoli  of  the 
^^^^0  being  almost  confluent.  The  third  tooth  is  separated  from  the 
'^oiirth,  and  the  fourth  from  the  fifth,  by  rather  broad  spaces.  Each  space 
■^  excavated  into  a  deep  pit,  which  extends  inward  a  slight  distance  from 
^be  line  of  the  teeth  themselves. 

Maxillaries. — The  maxillary  bones  are  broad,  and  are  especially 
^^i^h  in  the  vertical  direction.  They  expand  rapidly  posterior  to  the 
canine"  notch,  as  far  as  the  fifth  maxillary  teeth,  then  contract  as  far 
^®  the  spaces  between  the  sixth  and  seventh  maxillary  teeth;  posterior 
^o  this  level  they  increase  in  breadth  rapidly.  The  maxillo-nasal  sutures 
^*^  irregular,  but  are  essentially  parallel;  the  maxillo-lacrymal  sutures 
J^in  the  nasals  with  sharp  angles  slightly  posterior  to  the  level  of  the 
^^venth  maxillary  teeth;  they  extend  outward,  downward,  and  backward, 
^Xid  are  replaced  by  the  maxillo-jugal  sutures  at  the  level  spaces  between 
5^^  ninth  and  tenth  maxillary  teeth.  Both  of  these  sutures  are 
^*"*^ef5ular  on  a  small  scale,  and  the  maxillo-jugal  sutures  are  sharply 
^^dented  near  their  inferior  extremities. 

On  their  palatal  surfaces  the  maxillaries  are  relatively  short  and 

^*x>ad.    Their  sutiu^  with  the  premaxillaries  has  been  described  above. 

*he  suture  with  the  palatines  is  characteristic  in  outline.   On  the  internal 

*^order  of  each  palatine  fenestra  the  suture  itself  forms  the  border  of  the 

*^ti€stra,  from  a  point  about  one  tooth's  diameter  from  the  anterior  end, 

^^^U?k  for  about  the  same  distance,  then  it  turns  backward  and  inward  to  a 

*^Vel  slightly  posterior  to  the  ninth  maxillar>^  teeth,  then  turns  forward 

*^d  gradually  curves  inward,  meeting  its  opposite  at  the  level  of  the 

*P«ice8  between  the  sixth  and  seventh  maxillary  teeth.    The  opposite 

portions  of  the  maxillo-palatine  suture  are  nearly  parallel  and  close 

^o^ther  for  most  of  their  length.    The  maxillaries,  at  the  level  of  the 

seventh  maxillary  teeth,  compose  five-sixths  of  the  distance  across  the 

P^Ute.   The  maxillaries  form  about  one-seventh  of  the  internal  border  of 

the  palatine  fenestra  on  each  side,  and  with  the  maxillo-palatine  suture 

another  seventh.    Each  maxillarv  forms  about  one-third  of  the  external 

^^wderof  the  corresponding  fenestra;  opposite  the  tenth  niaxillar\'  tooth 
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the  maxillo-ectopterygoid  suture  extends  sharply  inward  from  the  edge  of 
the  fenestra  to  a  point  near  the  tooth.  The  portion  of  the  maxillaiy 
which  forms  the  border  of  the  fenestra  anterior  to  this  suture,  is  very 
broad,  separating  the  teeth  from  the  fenestra  by  a  considerable  space. 
The  posterior  portion  of  each  maxillary,  along  the  longitudinal  poitioa 
of  the  maxillo-ectopterygoid  suture,  is  very  narrow,  the  ectopterypril 
being  separated  from  the  alveoli  of  the  last  three  teeth  by  a  very  thia 
layer  of  the  bone  only. 

There  are  fifteen  teeth  in  each  maxillary.    They  increase  in  a» 
rapidly  from  the  first  to  the  fifth;   the  sixth,  seventh,  and  eighth  are 
somewhat  smaller;  the  ninth  is  much  larger  than  the  eighth,  and  from  it 
back  to  end  of  the  series  there  is  a  steady  decrease  in  size.   All  of  the  teeth 
are  unusually  stout  for  a  crocodile  skull  of  the  size  of  the  one  studied. 
The  anterior  six  or  seven  teeth  are  situated  on  pedestals,  with  pits 
between  them;  as  in  the  premaxillaries,  the  pits  and  pedestals  of  eadi 
maxillarj'^  are  largely  hidden  in  a  lateral  view  of  the  skull  by  vertical  a 
flange  of  the  external  edge  of  the  maxillary.    The  vertical  festooning  of 
the  skull  is  considerable,  and  the  descent  from  the  prominence  on  whiA 
the  large  fifth  tooth  is  situated,  to  the  depression  in  which  the  sixth  tooth 
is  lodged,  is  very  marked;  this  is  greatly  emphasized  by  thedifferencein 
size  between  the  two  teeth.   The  first  eight  maxillary  teeth  are  relatively 
long-crowned  and  sharp-pointed;  the  ninth  to  thirteenth,  inclusive,  are 
short-crowned,  relatively  blunt,  and  elongated  in  the  antero-posterior 
direction.    The  first  five  t^eth  are  moderately  and  equally  far  apart 
from  each  other;  they  are  separated  by  short  spaces  which  include  deep 
pits,  which,  in  turn,  lodge  the  mandibular  teeth;  the  fifth  and  sixth,  the 
sixth  and  seventh,  and  the  seventh  and  eighth  maxillary  teeth  are  ft 
apart,  and  the  intervening  pit«  are  deep;   posterior  to  the  eighth 
maxillar>'  teeth  are  about  equally  spaced  at  moderate  distances,  with  no 
intervening  pit«.    The  first  five  maxillary  teeth  are  arranged  in  a  rathfeX" 
unusual  manner.    They  are  stout,  and  are  sUghtly  ciu^ed;  their  conca^r'^ 
inner  surfaces  face,  not  directly  inward,  but  inward  and  backward  9 
similar] v  their  convex  outer  surfaces  face  outward  and  forward;  the*^ 
teeth  therefore,  are  placed  oblique  to  the  longitudinal  axis  of  the  skuH 
They  are  parallel  with  each  other  and  appear  to  have  functioned  more  o^ 
less  as  a  unit.    The  small,  but  rather  sharp,  sixth,  seventh,  and  eightl* 
maxillar>'  teeth  evidently  likewise  functioned  as  a  unit.     In  both  of 
these  groups  the  maxillary  and  mandibular  teeth  interlock  very  cloee^^f 
the  mandibular  teeth  extending  up  into  the  pits  of  the  maxillaries.  1^ 
same  is  true  of  the  premaxillaries.    The  maxillary  teeth  from  the  nint' 
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to  the  thirteenth,  inclusive,  must  also  have  acted  as  a  unit;  between 

them  the  mandibular  teeth  do  not  reach  the  maxillary  bones  when  the 

jaws  are  closed,  but  the  maxillary  and  mandibular  teeth  bite  against 

each  other.    This  grouping  of  the  maxillary  teeth  into  separate  regions, 

or  umtSj  is  not  confined  to  this  species,  but  appears  to  be  suflSciently 

emphasized  in  it  to  warrant  special  emphasis  in  the  description. 

Nasals. — The  nasal  bones  of  this  species  are  distinctive  in  form. 

From  their  prominent  anterior  processes,  which  enter  the  narial  orifice, 

tbcy  broaden  rapidly  in  the  posterior  direction,  as  far  back  as  the  level 

of  the  second  maxillary  teeth,  or  to  the  posterior  extremities  of  the  pre- 

maxillaries;    from  this  point  back  their  lateral  borders,  the  maxillo- 

nasal  sutures,  are  somewhat  irregular  in  outline  on  a  small  scale,  but  are 

not  far  from  straight,  and  are  essentially  parallel.    In  the  vicinity  of  the 

IcTel  of  the  eighth  maxillary  tooth,  their  lateral  borders,  which  at  that 

I>oint  consist  of  the  naso-lacrymal  sutures,   converge  sharply  back- 

"^w-ard,  meeting  in  an  irregular  manner  at  the  level  of  the  ninth  maxillary 

t^eth.   The  left  nasal,  in  the  skull  studied,  extends  considerably  farther 

back  than  the  right;  the  two  nasals  are  only  very  sUghtly  separated  by 

the  anterior  process  of  the  frontal.    The  posterior  portions  of  the  nasals 

<^any  the  anterior  end  of  the  rhombic  elevation  which  gives  the  species 

it«  name. 

Lacrymals. — The  lacrymals  are  rather  characteristic  in  form  and 
P<tftion.  They  carry  the  antero-lateral  borders  of  the  **  rhomb."  Their 
stores  with  the  prefrontals  are  more  oblique  than  in  most  crocodiles, 
P^^bly  in  connection  with  the  great  height  of  the  snout.  The  sutures  of 
^he  lacrymals  with  the  nasals  are  greater  in  length  than  the  naso-prefron- 
^  sutures,  reversing  the  usual  crocodiUan  condition.  The  longest  axes 
^  the  bones  themselves  converge  sharply  in  the  anterior  direction, 
*^king  angles  of  nearly  45°  with  the  longitudinal  axis  of  the  skull. 

Prefrontals. — The  sutiu'es  of  the  prefrontals  with  the  nasals  are 
^Usually  short.  Their  axes  of  greatest  length  converge  anteriorly, 
"Ut  not  to  the  extent  of  the  axes  of  the  lacrymals. 

Frontal. — The  frontal  bone  has  a  broadly  concave  posterior  border; 

^te  anterior  process  is  only  shghtly  longer  than  its  posterior  plate.    Its 

^tures  with  the  prefrontals  extend  directly  inward  for  short  distances, 

^i^n  turn  forward  with  sharp  angles,  contrasting  somewhat  with  the 

Rently  curved  sutures  of  most  crocodiles. 

PosTORBiTALS. — The  postorbitals  are  of  medium  size.  Each  of  them 
^  a  greater  extent  along  the  lateral  border  of  the  cranial  table  than 
^ong  the  posterior  border  of  the  orbit,  and  each  occupies  an  unusually 


198  Bulletin  American  MiMeum  of  Naiwral  History  [Vol.  XLI 


large  extent  of  the  anterior  border  of  the  corresponding  supratonpoi 
fenestra. 

Squamosals. — These  bones  are  of  moderate  siae,  and  are  8harpL3r 
upturned  at  their  postero-external  extremities;  in  fact  these  esctremitie^ 
extend  upward  and  outward  as  distinct  processes.  The  posterior  borders 
of  the  squamosals  are  greater  than  their  lateral  borders. 

Parietal. — The  parietal  bone  is  unusually  irregular  in  outline*- 
Along  its  posterior  border  it  extends  outward  as  the  base  of  a  mediass 
posterior  process,  of  which  the  supraoccipital  occupies  the  apex.  Th«' 
parietal  occupies  somewhat  over  two-thirds  of  the  portion  of  the  posterio*" 
border  of  the  cranial  table  which  is  situated  between  the  sqamosals- 
Inmiediately  anterior  to  the  supraoccipital  the  parietal  is  elevated  into  0* 
strong  rounded  ridge,  whose  convex  border  faces  forward. 

Supraoccipital. — The  superior,  or  cranial  table,  portion  of  the^ 
supraoccipital  is  small;  it  is  elevated  somewhat  above  the  general  level 
of  the  cranial  table,  and  is  confluent  with  the  ridge  of  the  parietal  men — 
tioned  above. 

On  the  posterior  surface  of  the  skull  the  supraoccipital  extends  down — 
ward  about  three-fourths  of  the  distance  from  the  superior  border  to  th^ 
foramen  magnum.  Laterally  this  portion  of  the  bone  is  not  very  broad. » 
occupying  but  two-sevenths  of  the  lateral  extent  of  this  surface  of  Ae? 
skull. 

Quadrates,  Exoccipitals,  Basioccipital,  and  Basisphenoid. — 
These  bones  are  not  especially  characteristic  of  the  species,  except  for  tlue 
type  of  stoutness  which  is  characteristic  of  the  skull  as  a  whole. 

Quadrato-jugals. — These  bones  narrow  very  rapidly  from  the 
posterior  to  the  anterior  end.  Their  free  processes  are  sharp,  but  are  not 
large. 

Jugals. — The  jugals  are  ver>^  slender  at  their  extreme  posterior 
ends,  but  otherwise  are  vory  deep  vertically.  At  the  level  of  the  thir- 
teenth maxillar\'  teeth  these  bones  are  especially  high. 

Palatines. — These  are  long  and  slender.    Their  sutures  with  the 
maxillarios  have  been  described  above.    The  suture  with  the  pterygoid 
is  only  partly  prosen'cd,  but  appeal's  to  extend  inward  and  aligjitlf 
backward  from  a  point  near  the  posterior  end  of  the  palatine  fenestrt, 
then  forward  and  inward  to  the  median  line.    The  narrowest  diameterof 
the  two  palatines  together  is  at  the  level  of  the  spaces  between  th 
eleventh  and  twelfth  maxillary  teeth.    The  posterior  ends  are  slightlr 
expanded  around  an  enlargement  of  the  narial  passage. 
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Pterygoids. — The  pterygoids  are  broad  in  proportion  to  their 
length.  Their  anterior  borders  converge  rather  sharply  forward;  the 
median  line  is  occupied  very  largely  by  the  unusually  large  internal 
tuuial  orifice.  The  pterygoids  occupy  considerable  portions  of  the 
broadly  rounded  posterior  borders  of  the  palatine  fenestrse. 

EcTOPTEBYGOiDS. — The  anterior  processes  of  the  ectopterygoids, 
which  extend  as  far  forward  as  the  level  of  the  tenth  maxillary  teeth, 
are  broad  laterally.  Their  postero-inferior  processes  are  short  and  are 
relatively  stout;  their  superior  processes  are  rather  long. 

The  Mandible 

The  mandible  is  broad  and  stout,  and  is  composed  of  individually 
»t>c)ut  bones.  The  lateral  borders  are  sUghtly  festooned.  The  sjonphysis 
eslends  back  to  the  level  of  the  anterior  ends  of  the  fifth  maxillary  teeth; 
ttie  splenials  extend  farther  forward  than  the  level  of  the  sixth  maxillary 

The  teeth  are  all  relatively  large  and  strong.  The  fourth,  on  each 
aide,  is  the  largest,  with  the  first  a  close  second  in  size,  followed  by  the 
t^nth.  The  number  of  teeth  is  fifteen  as  in  other  true  crocodiles;  in 
t^orm  they  resemble  those  of  the  upper  jaw.  The  spacing  of  the  teeth  is 
^^  irregular;  the  wider  spaces  correspond  with  large  teeth  in  the 
^Pper  jaw,  and  the  smaller  spaces  with  smaller  teeth.  The  first  ten,  on 
^&ch  side,  are  moderately  long  and  pointed;  the  eleventh  and  twelfth 
^'eahorter  and  less  sharp;  the  thirteenth  and  fourteenth  are  very  short 
^Bd  blunt;  the  fifteenth  is  absent  on  both  sides  of  the  jaw,  but  it  un- 
^btedly  resembled  the  fourteenth. 

Measurements  Mus.  Comp.  Zool.  No.  4042 

J^«^  of  SkuD,  Tip  of  Snout  to  Supraoccipital  .  28M . 

l^&Sth  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates  .  32 

^^^Cth  of  Snout  ,18 

^^cidth  (tf  Snout  at  Base  .112 

^^th  of  Snout  at  Notch  .054 

^'^emdth  of  Skull  Acroes  Quadrato-jugals  .  16 

^•^eadth  of  Cranial  Table,  Posterior  End  .  102 

^^'endth  of  Cranial  Table,  Anterior  End  .  073 

Remarks 

This  species  bears  no  close  resemblance  to  any  other  known  Uving 
^^HHsodile  in  the  form  of  its  skull.  The  combination  of  short  snout,  very 
\ii^  median  portion  of  the  snout,  and  elevated  postero-external  angles 
oi  the  squamosals  are  not  known  in  any  other  species.    C  americanus 
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has  the  median  portion  of  the  snout  somewhat  elevated,  but  its  eDtir~«« 
snout  is  much  lower  than  in  C.  rhonibifer;  also  the  former  species  has  j^ 
much  longer  snout,  and  has  pr^tically  no  elevation  of  the  angles  of  th.^ 
squamosals;  no  other  species  has  a  high  snout.  The  shortness  of  tlE.^i 
snout  is  approached  or  equalled  by  C.  paluslris,  and  possibly  the  ht>^ 
Pleistocene  C.  robustus,  but  both  of  these  have  very  low  snouts.  Tt^ 
last-mentioned  species  resembles  C.  rhombifer  in  the  elevation  of  th.^ 
postero-external  angles  of  the  squamosals,  but  differs  in  having  a  low^^ 
snout,  broader  premaxillaries,  and  a  different  type  of  festooning.  Th^^ 
only  known  connecting  forms  between  this  species  and  other  crocodife^ 
are  the  American  Museum  crocodiles  from  the  Pleistocene  of  Cuba,  coL — 
lected  by  Mr.  Barnum  Brown  and  Dr.  de  la  Torre,  which  may  be  referrecr: 
to  C.  rhombifeTy  but  which  exhibit  some  characters,  evidently  mora* 
primitive,  which  may  assist  in  bridging  the  gap  between  the  skull  of  th^ 
modern  C.  rhombifer^  and  other  crocodiles.  These  Pleistocene  specimei 
will  be  described  later. 

Crocodilus  siamensiB  Schneider 

No  specimen  of  the  skull  of  this  species  was  available  for  studp 
The  following  description  is  quoted  from  Boulenger.    '*  18  upper  and  1 
lower  teeth  on  each  side.   Snout  once  and  three  fourths  as  long  as  brot. 
at  the  base,  rough  but  without  any  distinct  ridges;  interorbital 
broad,  with  a  median  longitudinal  ridge  (which,  in  the  specimen 
by  Cuvier,  is  developed  into  a  strong  crest  followed  by  another  on 
occiput);   mandibular  S3anphy8is  extending  to  the  fourth  tooth; 
maxillo-maxillary  suture,  on  the  palate,  directed  backwards; 
laries  narrowly  separated  above  by  the  nasals." 

OSTEOBLSPHABON  Schmidt 
Generic  Characters 
In  this  genus  the  cranial  table  is  very  flat,  and  the  supratempor* 
fenestra?  aie  small  and  widely  separated  from  each  other.    The  nafl/ 
bones  enter  the  external  narial  aperture  but  do  not  divide  it  as  in  Oato- 
laemus.    The  quadrato-jugals  have  the  anterior  processes  as  in  CrocoiSui^ 
There  are  four  teeth  in  each  premaxillary  and  thirteen  in  each  maxillary; 
fifteen  teeth  are  present  in  each  ramus  of  the  mandible.    The  fifth  maxl- 
lary  teeth  are  enlarged.    The  fourth  mandibular  tooth  on  each  ade  » 
received  into  a  notch  in  the  upper  jaw.    The  amount  of  festooning  of  tk 
skull  is  considerable.    The  niaxillo-palatine  suture  does  not  extend  fo^ 
ward  beyond  the  level  of  the  anterior  ends  of  the  palatine  fenestrse.  TT^c 
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fronto-parietal  suture  enters  the  supratemporal  fenestrae  at  their  anterior 
ends.  The  symphysis  extends  to  the  fourth  mandibular  t«eth,  and  does 
not  include  the  splenial  bones. 

This  genus  resembles  OsteoUemus  in  some  respects  and  Crocodilus 
in  others;  in  general  it  is  intermediate  between  the  two.  It  is  somewhat 
more  primitive  than  Osteolxmus  tetrnspis,  and  in  some  respects  resembles 
some  of  the  Eocene  crocodiles. 


Ottaoblepharon  osbomi  Schmidt 

The  description  of  this  species  is  based  upon  the  type  specimen 
(Amer.  Mus.  No.  10082)  ^  a  skull  of  a  half-grown  individual. 

General  Form 

The  skull  of  this  species  is  moderately  broad,  and  is  rather  high 
vertically,  resembling  somewhat  in  form  the  skull  of  Osteolsemus  tetraspis 
Cope.  A  number  of  differences  between  the  skulls  of  the  two  species 
may  be  noted,  however. 

The  cranial  table  is  broad  and  relatively  short;  its  posterior  border 
is  a  straight  line;  its  external  borders  are  symmetrically  curved  in  slight 
convexities;  the  antero-external  angles  are  gently  rounded.  The  surface 
ofthe  table  is  flat. 

The  snout  is  relatively  short  and  broad,  being  only  one  and  one- 
third  times  as  long  as  broad  at  the  base.    The  cross  profile  of  the  snout 
*t  the  base  consists  of  three  more  or  less  sharply  differentiated  planes, 
'Ambling  somewhat  those  of  Caiman  trigonatus;  these  planes  are  not 
'^dily  distinguishable  in  the  anterior  portion  of  the  snout.    There  are 
^*iiit  suggestions  of  ridges  on  the  snout,  resembling  those  of  some  of  the 
^^^^imans,  but  they  are  not  very  prominent.     The  interorbital  plate  is 
'"^ther  broad,  and  is  only  very  sUghtly  rolled  up  at  the  edges.    The  tip 
^f  the  snout  is  not  turned  up  as  in  Osteobemus, 

One  of  the  most  characteristic  features  of  the  skull  is  a  pair  of  bluntly 
Pointed  processes  which  extend  outward  from  the  flat  superior  surface 
^f  the  snout  inmiediately  anterior  to  the  orbits ;  they  are  situated  entirely 
^li  the  lacrymal  bones. 

The  vertical  festooning  is  very  prominent,  unusually  so  for  so  small  a 
^^.  The  lateral  constriction  at  the  '* canine''  notch  is  very  marked, 
"Utthe  one  near  the  base  of  the  snout  is  very  faint. 
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Amer.  Mus.  No.  10082 


Fig.  0.     Skull  and  jaws  of  OttieoHepharon  onhorni  Schmidt.    Amer.  Mub.  No.  10082,  typ^* 
third  natural  hIso.    A,  superior  view  of  skull;  B,  lateral  view  of  akull,  left  aide;  C.  latenJ  t* 
mandible,  left  side;  D,  i^upcTior  view  of  mandible;  E,  inferior  view  of  skull. 
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The  Cavities  of  the  Skull 

SupRATEMPORAL  Fenestile. — These  cavities  are  small;  they  are 
irregularly  elongate  oval  in  outline;  their  longitudinal  axes  diverge 
slightly  in  the  anterior  direction.  They  are  separated  rather  widely 
from  each  other,  and  are  nearly  equidistant  from  the  anterior,  external, 
and  posterior  borders.  The  fronto-parietal  suture  enters  the  fenestrse 
at  their  anterior  ends. 

•  Infratemporal  Fenestr^e. — The  infratemporal  fenestra  are  small. 
Each  of  them  consists  of  an  irregular  acute  triangle  whose  apex  is  superior 
in  position.  The  anterior  border  is  straight,  the  base  is  concave  up- 
ward, and  the  posterior  border  is  irregular. 

Orbits. — The  orbits  are  large.  They  are  very  irregular  in  outline, 
the  supero-intemal  borders  being  strongly  concave  and  the  infero- 
ertemal  borders  very  slightly  concave.  The  anterior  ends  are  bluntly 
pointed. 

External  Narial  Aperture. — This  cavity  is  of  moderate  size, 
being  much  smaller  than  the  orbits,  and  larger  than  the  supratemporal 
fenestrse,  and  it  is  surrounded  by  a  low,  more  or  less  indistinct  ridge. 
It  is  subquadrangular  in  outUne,  and  it  is  not  divided  by  a  median  bony 
septum,  though  there  is  a  prominent  process,  composed  of  the  anterior 
lips  of  the  nasal  bones,  which  enters  it  at  its  posterior  end. 

Prehaxillary  Foramen. — The  premaxillary  foramen  on  the  palate 
is  very  small.  It  is  irregularly  lens-shaped,  the  anterior  end  being  very 
sharply  pointed,  the  posterior  end  more  blunt. 

Palatine  Fenestr^e. — The  palatine  fenestra  are  long  and  narrow, 

^h^  length  of  each  being  about  two  and  one-half  times  its  breadth.    In 

'orm  these  fenestrae  are  very  irregular.    The  internal  corner  of  each  is  a 

^'^ht  line  throughout  most  of  its  length.     The  inner  third  of  the 

'^^erior  border  is  almost  directly  transverse  in  direction;  the  external 

f^^thirds  extends  outward  and  forward  obliquely;   this  latter  portion 

l^'ongs  equally  to  the  posterior  and  external  borders.   The  external  border 

^  ^^utly  concave  for  most  of  its  length.    The  anterior  end  is  rather  sharply 

'^^^ded,  the  external  and  internal  borders  converging  into  a  bluntly 

'"^^nded  point.    The  fenestrae  extend  as  far  forward  as  the  level  of  the 

^^^^^es  between  the  seventh  and  eighth  maxillary  teeth. 

Internal  Narial  Aperture. — This  opening  is  small  and  is  circular 
^^  Outline.    It  is  situated  at  the  extreme  posterior  end  of  the  palate,  and 
^^^^  downward  and  slightly  backward.     Its  anterior  border  only  is 
^*^vated;  it  is  not  divided  by  a  median  septum. 
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The  Bones  of  the  Skull 

PREBfAxiLLARiEs. — The  premaxillary  bones  are  relatively  short  anc 
broad.  They  are  separated  posterior  to  the  narial  aperture  by  the  re- 
latively broad  anterior  processes  of  the  nasals.  They  narrow  conader 
ably  at  the  ''canine"  notch.  The  premaxillo-maxillary  suture  extendi 
almost  transversely  inward  for  a  short  distance,  and  then  turns  almoen 
directly  backward.  The  posterior  processes  extend  back  beyond  tbi 
level  of  the  third  maxillary  teeth,  but  not  as  far  back  as  the  level  of  the 
fourth. 

On  the  palate  the  premaxillaries  are  broader  than  long.  The  pie 
maxillo-maxillary  suture  is  irregularly  transverse  in  direction.  Its  mew 
posterior  extension,  at  the  median  line,  extends  scarcely  behind  the  leve 
of  the  first  maxillary  teeth.  A  short  distance  in  from  the  "  canine  "  notcl 
the  suture  is  interrupted,  on  each  side,  by  a  conspicuous  foramen. 

There  are  four  teeth  in  each  premaxillar>'.  The  second  premaxillar 
teeth  of  Crocodilus  appear  to  have  no  homologues  in  Osteobkpharon 
The  first  teeth  are  the  smallest  and  the  fourth  are  next  in  size.  On  th 
left  side  the  third  Ls  the  largest  tooth,  and  on  the  right  side  the  second  i 
largest.  The  third  tooth  on  the  right  side  does  not  completely  fiD  it 
alveolus,  however,  and  is  evidently  ver>'  young.  The  third  teeth,  there 
fore,  are  the  largest,  and  the  second  teeth  next  in  size  in  the  pr^naxil 
laries.  The  teeth  are  evenly  spaced,  and  the  pits  which  receive  th 
mandibular  teeth  are  l)etween  the  teeth  themselves,  and  not  internal  i 
them. 

Maxillaries. — The  maxillaries  are  relatively  short  and  broad 
The  sutures  with  the  nasals  are  especially  short,  being  Uttle  longer  thai 
the  sutures  with  the  lacr\'mals  and  shorter  than  the  sutures  with  th 
jugals. 

On  the  palate  the  maxillaries  form  about  two-fifths  of  the  externa 
borders  of  the  palatine  fenestra,  and  about  one-fifth  of  the  interna 
borders.  These  internal  borders  are  actually  composed  of  two  bones,  th 
maxillaries  forming  the  borders  at  the  palatal  surface,  and  the  palatine 
at  a  deeper  level;  the  suture  between  the  maxiUaries  and  the  palatine 
extends  horizontally  along  the  borders  themselves.  The  portion  of  eac. 
maxillo-palat ine  suture  at  the  surface  is  characteristic  in  form .  It  extend 
inward  from  the  palatine  fenestra  about  opposite  the  ninth  maxillar 
tooth  in  a  transverse  direction,  then  curv^es  forward  and  inward  to  me€ 
its  opposite  at  the  median  Une  at  the  level  of  the  spaces  between  it 
seventh  and  eighth  maxillaiy  t^eth,  only  a* slight  distance  anterior  to  tk 
anterior  ends  of  the  palatine  fenestrse.    This  condition  contrasts  stroniK 


1921]  Mock,  SkuU  ChAradera  of  Recent  CrocodUi^  205 

with  that  of  most  crocodilians,  in  which  the  suture  extends  far  in  front 
of  these  fenestra.  It  is  approached  more  closely  by  some  of  the  Eocene 
crocodiles  than  by  the  living  ones. 

There  are  fourteen  maxillary  teeth  on  each  side;   these  increase 
regularly  in  size  from  the  first  to  the  fifth,  as  in  Crocodilus,    The  sixth 
teeth  and  the  teeth  posterior  to  them  are  much  smaller  than  the  fifth. 
The  anterior  six  or  seven  maxillary  teeth  are  slender  and  sharp,  resembing 
thoee  of  the  premaxillaries;  those  farther  back  have  short  blunt  crowns. 
The  alveoli  of  the  last  two  teeth  are  continuous  with  each  other.    The 
internal  wall  of  the  posterior  half  of  the  compound  alveolus  is  composed 
of  a  portion  of  the  ectopterygoid  bone  and  not  of  the  maxillary.    The 
sixth  and  seventh,  and  seventh  and  eighth  maxillary  teeth  are  rather 
widely  spaced  from  each  other;  all  the  other  maxillary  teeth  are  closely 
and  evenly  spaced.    A  pair  of  deep  foramina  is  situated  immediately 
internal  to  the  sixth  maxillary  teeth.    There  is  a  very  slight  laterjil  con- 
striction of  the  snout  at  the  level  of  the  seventh  maxillary  teeth. 
Vertically,  the  lateral,  or  external,  border  of  each  maxillary  descends 
rapidly  from  the  ** canine''  notch  to  the  fourth  and  fifth  maxillary  teeth, 
then  rises  to  the  space  between  the  seventh  and  eighth  teeth,  posterior 
to  which  it  descends  gradually.    The  only  conspicuous  pits  for  reception 
of  noandibular  teeth  are  between  the  sixth  and  seventh,  and  the  seventh 
and  eighth  maxillary  teeth;  these  pits  are  slightly  internal  to  the  line  of 
the  teeth. 

Nasals. — The  nasal  bones  are  broad.  Their  external  borders  are 
characteristic,  being  simple,  gently  convex  curves  from  end  to  end.  The 
anterior  portion,  which  wedges  in  between  the  premaxillaries,  is  broad, 
and  forms  a  conspicuous  projection  into  the  nasal  aperture.  The  sutures 
^"ith  the  maxillaries  are  very  short;  these  with  the  lacrymals  are  rela- 
tively long,  while  those  with  the  prefrontals  are  very  short.  At  their 
posterior  ends  the  nasals  are  wedged  apart  by  a  long  anterior  process 
^^  the  frontal,  which  separates  them  for  a  considerable  distance. 

Lacrymals. — The  lacrimals  are  very  large  compared  with  those 
^f  other  crocodile  skulls  of  similar  size.  Each  of  them  forms  a  large 
P^rt  of  the  anterior  border  of  the  orbit,  both  above  and  below  the 
anterior  point  of  the  latter.  A  conspicuous  projection  extends  outward 
fn)m  each  lacr^'mal. 

Prefrontals. — The  prefrontal  bones  are  small  and  are  very  irreg- 

^r  in  shape.    They  are  much  longer  than  they  are  broad ;  their  sutures 

^"^th  the  frontal  and  lacrymals  are  moderately  long,  hut  their  sutures 

^'*th  the  nasals  and  also  their  portions  of  the  superior  borders  of  the* 

orbits  are  ver\'  short ; 
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Frontal. — The  frontal  bone  is  very  long  in  proportion  to  its 
breadth.  Its  broader  posterior  portion  extends  as  far  back  as  the  level 
of  the  anterior  ends  of  the  supratemporal  fenestra;  in  fact  the  bone 
occupies  a  ver>'  small  portion  of  the  anterior  wall  of  each  of  these  fenes- 
trce.  The  interorbital  portion  is  comparatively  broad.  The  long 
anterior  portion  is  a  simple  V  in  outline,  the  prefronto-frontal  and  naso- 
frontal sutures  fonning  straight  lines  continuous  with  each  other.  The 
anterior  process  extends  as  far  forward  as  the  level  of  the  eighth  maxil- 
lary teeth. 

PosTORBiTALs. — Thesc  bones  are  relatively  small.  They  are  sub- 
quadrangular  in  outline,  and  occupy  only  small  portions  of  the  pos- 
terior boundaries?  of  the  orbits,  the  external  borders  of  the  cranial  table, 
and  the  external  borders  of  the  supratemporal  fenestrse. 

Squamosals. — The  squamosal  bones  are  large;  they  are  subquad- 
ranguUr  in  outline,  and  occupy  about  twice  as  much  space  on  the  surface 
surface  of  the  cranial  table  as  do  the  postorbitals. 

Parietal. — The  parietal  is  considerably  longer  than  it  is  broad. 
It  is  slightly  broader  at  the  anterior  end  than  at  the  posterior.    It  occu- 
pies about  half  of  the  space  along  the  posterior  border  of  the  craniaL 
table  between  the  two  squamosals,  the  supraoccipital  occup3ang  thcff- 
other  half. 

Supraoccipital. — The  supraoccipital  occupies  about  half  erf  th^ 
space  between  the  squamosals  on  the  posterior  border  of  the  cranial 
table,  its  antero-posterior  diameter  on  the  cranial  table  is  less  than  one — 
half  its  lateral  diameter.  On  the  posterior  surface  of  the  skull  it 
downward  about  three-fifths  of  the  distance  from  the  superior  border 
the  foramen  magnum. 

Quadrates,  Exoccipitals,  Basioccipital,  and  Basisphenoid. 

These  bones  are  not  sufficiently  characteristic  to  warrant  description  a^^ 
the  present  time. 

QuADRATO-JUGALs. — Thcsc  boDcs  are  long  and  slender  in  two  diniei^K- 
sions,  and  thick  in  the  other  at  the  posterior  ends,  where  they  cover  th-  ^ 
cjuadrates.  They  have  processes  extending  into  the  infra-tempoi 
fenestrae  as  in  Crocodilus  and  Tomistoma,  but  the  processes  are  not 
sharply  pointed  as  in  the  latter  genera. 

JuGALs. — The  jugals  are  deep  vertically  in  their  anterior  portion^* 
and  shallow  near  their  posterior  ends;  each  of  them  has  a  superior 
process  at  the  posterior  end  of  the  orbit. 

Palatines. — The  palatines  are  long  and  slender;  their  sutures 
with  the  maxillaries  have  been  described  above.    They  do  not  extend 
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as  far  in  the  posterior  direction  as  the  palatine  fenestrse,  the  sutures 
with  the  pterygoids  consequently  extending  only  across  the  narrow  bar 
separating  the  two  fenestrae.    This  short  suture  is  irregular  in  outline. 

Pferygoids. — The  pterygoids  appear  to  have  fused  into  a  single 
bone.    Thej"  occupy  considerable  portions  of  the  borders  of  the  palatine 
fenestrae;  they  are  somewhat  broader  than  long,  and  curve  downward  at 
their  external  borders,  making  the  pterygoid  surface  of  the  palate  con- 
cave.   A  faint  ridge  is  situated  anterior  to  the  internal  nasal  aperture 
and  partly  surrounding  it.    Two  small  processes  extend  backward  be- 
yond the  palate. 

EcTOPTERYGOiDS. — The  ectoptery'goids  occupy  portions  of  the 
posterior  borders  of  the  palatine  fenestrae  as  well  as  the  external  borders, 
arE<:l  they  form  the  internal  wall  of  the  alveolus  of  each  of  the  last  maxil- 
lary teeth.  They  extend  as  far  forward  as  the  level  of  the  spaces  between 
the  tenth  and  eleventh  maxillary  teeth. 

The  Mandible 

In  general  form  each  ramus  of  the  mandible  is  slender,  though  the 
two  rami  together  make  a  rather  broad  jaw.  The  symphysis  extends  as 
'ar  back  as  the  level  of  the  anterior  ends  of  the  fifth  mandibular  teeth. 
"^©  external  mandibular  foramina  are  small,  and  are  situated  far  back 
m  the  normal  crocodilian  position. 

The  dentaries  are  long  and  slender.     E^ch  contains  fifteen  teeth 
^'^y ,  as  in  Crocodilus.    The  bones  are  pecuUar  in  that  they  do  not  con- 
®i>t  ut^  the  internal  wall  of  the  compound  alveolus  of  the  last  three  mandibu- 
lar  te^th.     The  first  three  teeth  are  of  small  or  medium  size,  and  are 
spaeod  regularly  at  moderate  distances  from  each  other.    The  fourth 
^^^tH   are  the  largest  in  the  jaw.    Posterior  to  the  fourth  the  teeth  are 
^'^^U  and  are  spaced  close  together  as  far  back  as  the  eighth;  between 
.       eighth  and  ninth  teeth  are  considerable  spaces:    posterior  to  the 
^iRnti^  the  teeth  are  all  close  together.    The  tenth  and  eleventh  teeth  are 
l**^^!*  than  those  immediately  anterior  to  them.    The  t  welfth,  thirteenth, 
^^*^^enth,  and  fifteenth  teeth  are  small.    As  far  back  as  the  eleventh 
tne  t^eth  are  slender  and  sharply  pointed;  posterior  to  the  eleventh  they 
*^^  ^^:iiall  and  blunt.    The  superior  borders  of  the  mandible,  as  shown  on 
tn^  dentaries,  are  festooned  in  the  reverse  order  from  the  maxillaries. 
The  splenials  extend  as  far  forward  as  the  sixth  mandibular  teeth. 
Tu«y  form  ^h^  internal  walls  of  the  compound  alveoli  of  the  fourteenth 
t^^  fifteenth  mandibular  teeth;  in  the  region  of  these  te(*th  each  splenial 
^^d»  a  small  shelf-like  process  inward  toward  the  median  line. 
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The  angular,  surangular,  and  coronoid  bones  are  not  sufficiently 
characteristic  to  warrant  special  description. 

The  articular  surfaces  of  the  articular  bones  are  rather  long  antapo- 
posteriorly.  They  are  characterized  especially  by  the  oblique,  intumed 
positions  of  the  posterior  processes. 

Measurements  Anier.  Mus.  No.  10082 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  16.65cm. 

Length  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates  16.4 

Length  of  Snout,  Anterior  End  of  Orbit  to  Tip  8.5 

Breadth  of  Skull^  Across  Quadrato-jugals  9 .  25 

Breadth  of  Cranial  Table  5 . 9 

Breadth  of  Snout  at  Base  6 . 4 

Breadth  of  Snout  Opposite  Fifth  Maxillary  Teeth  5 . 2 

Breadth  of  Snout  at  "  Canine  "  Notch  3 . 2 

Breadth  of  Snout  Opposite  External  Narial  Aperture  3 .  55 

Remarks 

In  its  general  form,  its  large  flat  cranial  table,  and  in  some  of  the 
details  of  its  bones  the  skull  of  this  species  resembles  that  of  O^eolaemui 
tetraspis  rather  closely.    In  other  characters  it  differs  appreciably  from 
the  latter  crocodile.   In  many  characters  Osteoblepharan  osbomi  reeemUeB 
Crocodilus  as  closely  as  it  does  Osteolsemus.    In  certain  characters  Oste(h 
blepharon  is  more  primitive  than  Osteoldemus  or  CrocodiluSj  and  stands 
intermediate  between  the  two  genera.    It  appears  to  be  only  distantly 
related  to  Tomisiomaj  Caiman,  and  Jacare,  and  still  more  distant^  to 
Gavialis  and  Alligator,    The  present  interpretation  is  that  Osteoblepharm 
has  descended  from  some  primitive  species  of  Crocodiltis  or  a  form  veiy 
closely  related  to  that  genus,  and  has  retained  a  few  primitive  char- 
acters which  the  Recent  species  of  Crocodilus  have  lost,  and  at  the 
same  time  has  developed  some  new  characters  which  are  not  known 
in  Crocodilus,    Oateolsetnus  is,  evidently  a  more  specialized   form,  and 
may  perhaps  be  a  derivative  of  Osteohlepharon, 

OSTEGLABflUS  Cope 

Generic  Characters 

This  genus  resembles  Osteoblepharon  in  many  of  its  characters.  In 
it  the  cranial  table  is  large  and  flat,  and  the  supratemopral  fenestrsB  are 
small,  and  are  far  apart ;  the  fronto-parietal  suture  does  not  enter  the 
fenestrie.  The  nasal  bones  extend  forward  into  the  external  narial 
aperture,  and  divide  it  into  two  lateral  portions  as  in  A  Uigator.   Thesnout 
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is  short  and  is  considerably  indented.  The  tip  of  the  snout  is  turned 
upward,  giving  the  superior  profile  of  the  snout  a  concave  curve.  The 
upper  eyeUds  are  bony. 

The  premaxillaries  contain  foiur  teeth  each,  and  the  maxillaries 
thirteen  each  tjrpically;  the  mandible  contains  fourteen  or  fifteen  teeth 
in  each  ramus.  The  foiuili  mandibular  teeth  bite  into  notches  in  the 
snout,  as  in  CrocodUus.  The  symphysis  extends  to  the  fourth  or  fifth 
mandibular  teeth,  and  does  not  contain  the  splenials,  and  the  quadrato- 
jufi^als  possess  sharp  anterior  processes. 

The  fifth  maxillary  tooth  on  each  side  is  somewhat  enlarged.  The 
maxillo-palatine  suture  does  not  extend  forward  beyond  the  anterior 
etids  of  the  palatine  fenestrse;  these  fenestra  are  very  irregular  in  outUne. 

This  genus  is  evidently  closely  related  to  Osteoblepharony  and  less 
closely  to  Cracodiltta.  It  is  more  speciaUzed  in  several  respects  than  either 
of  these  genera. 

OflteolaBmuB  tetraspis  Cope 

This  description  of  OateoUemtis  ietraspis  is  based  chiefly  upon  a  small 
skull  in  the  American  Museum  Collection  (Amer.  Mus.  No.  7743),  also 
upon  published  descriptions  and  figures.  Judging  from  a  number  of 
characters,  not  including  its  small  size,  the  skull  is  that  of  a  young 
individual.  Among  these  characters  may  be  mentioned  the  large  size 
of  the  orbits,  the  number  of  teeth  (four  or  five)  beneath  the  orbits,  the 
small  size  of  the  interorbital  plate,  the  amount  of  cranial  overhang  when 
the  skull  is  viewed  from  below,  the  weakness  of  the  various  rugosities, 
and  the  incomplete  appearance  of  the  mandibular  dental  series.  The 
sise  is  small,  but  the  maximum  size  listed  by  Boulenger  for  the  species 
is  not  great;  this  skull  evidently  belonged  to  an  individual  much  smaller 
than  the  maximum  size. 

General  Form 

The  skull  is  short  and  broad,  and  moderately  high.  The  snout  is 
about  one  and  one-fifth  times  as  long  as  broad  at  the  base;  the  length 
of  the  snout  is  approximately  one-half  of  the  total  length  of  the  skull 
from  the  tip  of  the  snout  to  the  ends  of  the  quadrates.  The  superior 
longitudinal  profile  of  the  snout  is  decidedly  concave,  and  the  rim  of  the 
external  narial  aperture  is  elevated.  In  general  the  snout  is  smooth, 
but  anterior  to  each  orbit  is  a  small  prominence,  and  on  each  maxillary 
bone,  near  its  anterior  end,  is  a  shallow  depression.  The  lateral  constric- 
tions of  the  snout  are  deep,  and  the  amount  of  vertical  festooning  is  con- 
siderable. 
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The  cranial  table  is  moderately  large,  and  is  flat.  It  is  approximately 
quadrangular  in  outline;  its  lat<?ral  borders  are  substantially  parallel, 
and  its  posterior  border  is  very  gently  concave.  The  antero-extemal 
angles  of  the  table  are  neither  rounded  nor  sharp.  The  interorbital 
plate  is  deeply  concave. 

The  Cavities  of  the  Skull 

SuPRATEMPORAL  FfiNESTRiE. — The  supratemporal  fenestrs  are 
very  small;  they  are  very  irregular  in  outline,  and  are  far  apart  frocn 
each  other.  Their  axes  of  greatest  length  converge  very  sharply  in  Htxe 
posterior  direction. 

Infratemporal  FENESTRiE. — These  cavities  are  very  much  larger 
than  the  supratemporal  fenestra,  and  are  irregularly  subtriangular  in 
outline.  They  differ  from  the  corresponding  fenestrse  of  most  croeo- 
dilians  in  having  their  vertical  diameters  very  much  greater  than  their 
antero-posterior. 

Orbits. — The  orbits  are  very  large.    They  are  subcircular  in  out- 
line, but  their  superior,  or  internal,  borders  are  more  concave  than  their 
inferior,  or  external,  borders;  they  consequently  appear  to  be  veiy 
slightly  pointed  at  their  anterior  ends.    Their  superior  borders  are  con- 
spicuously rolled  upward. 

External  Narial  Aperture. — The   external  narial  aperture  is 
very  large.    It  is  divided  longitudinally,  at  the  surface,  by  the  anteriw 
processes  of  the  nasal  bones,  which  extend  forward  and  join  shorter 
processes  of  the  premaxillaries  extending  backward  from  the  anterior 
margin  of  the  aperture,  similar  to  the  condition  in  Alligalor.   The  anterior 
end  of  the  aperture  is  \ery  near  the  anterior  margin  of  the  snout;  the 
posterior  margin  is  slightly  posterior  to  the  level  of  the  last  premaxillary 
teeth. 

Premaxillary  Foramen. — The  premaxillary  foramen  on  the  palate 
is  very  small.  It  is  sharply  pointed  at  its  anterior  and  posterior  ends,  and 
its  two  lateral  borders  are  simple  concave  curves. 

Palatine  Fenestr.«. — The  palatine  fenestra  are  large  and  veiy 
irregular  in  outline.  They  extend  forward  to  the  level  of  the  spaces 
between  the  seventh  and  eighth  maxillary  teeth.  Between  one-fourth 
and  one-fifth  of  the  internal  border  of  each  fenestra  is  composed  of  the 
maxillar>-  bone,  and  this  portion  is  not  in  direct  line  with  the  palatine 
portion  immediately  posterior  to  it.  The  maxillary  portion  is  oblique, 
and  the  anterior  part  of  the  palatine  portion  is  nearly  antero-posterior. 
This  palatine  portion  quickly  turns  inward,  however,  and  sweeps  around. 
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in  a  deep  concavity,  to  an  point  near  the  posterior  end  of  the  fenestra. 
The  posterior  portion  of  the  internal  border,  about  one-tenth  or  one- 
twelfth,  is  composed  of  a  portion  of  the  pterygoid  bone. 

The  external  border,  on  each  side,  is  likewise  very  irregular.  The 
anterior  two-fifths  is  composed  of  the  maxillary  bone;  this  portion  is 
slightly  concave;  immediately  posterior  to  it  is  the  ectopterygoid  por- 
tion, which  extends  abruptly  into  the  fenestra,  and  then  follows  a  very 
concave  path  of  its  own  to  a  point  very  near  the  posterior  end  of  the  fene- 
stra. A  very  small  portion  of  the  external  border,  perhaps  one-fifteenth, 
is  composed  of  the  pterygoid.  Both  anterior  and  posterior  ends  of  the 
fene8tr»  are  rounded. 

Internal  Narial  Aperture. — The  internal  narial  aperture  is 
Rither  small;  its  breadth  is  considerably  greater  than  its  length.  It  is 
not  divided  by  a  median  septum,  and  it  fac^s  almost  directly  downward. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillary  bones  are  very  short  and 
broad.  The  greatest  constriction  at  the  ** canine*'  notches  is  on  the  pre- 
niaxillaries,  but  between  these  notches  they  are  much  broader  than  they 
are  long.  Their  posterior  processes  are  very  broad,  and  are  not  sharply 
separated  from  the  posterior  region  of  the  bone  in  general;  they  extend 
*8  far  back  as  the  level  of  the  third  maxillary  teeth.  A  slender  process 
^^tends  back  from  the  anterior  margin  of  the  external  narial  aperture 
^^  join  the  anterior  processes  of  the  nasals. 

On  the  palate  the  premaxillaries  are  very  much  broader  than  long. 
y^«  premaxillo-maxillary  suture  extends  inward  and  backward  from  each 
**de  and  meets  its  opposite  on  the  median  line  at  the  level  of  the  second 
^^xillary  teeth.  The  two  lateral  components  of  the  suture  together 
'orm  an  irregular  V.  In  the  specimen  studied  only  three  teeth  are 
f^^^sent  in  each  premaxillary;  the  anterior  portions  of  the  palatal  sur- 
'^ces  of  the  premaxillaries  are  not  complete,  however,  and  there  are  in- 
^<*ation8  of  a  pair  of  small  alveoli.  In  the  figure  of  the  palate  of  Osteolae- 
^^  in  Schmidt's  article  on  the  Congo  Reptilia  (after  Gray),  a  pair  of 
^all  alveoli  are  represented  near  the  median  line.  The  species 
therefore  undoubtedly  has  four  teeth  in  each  premaxillary.    There  is  no 

^^^  of  the  very  small  second  tooth  of  the  more  primitive  crocodilians. 

^  teeth  are  about  equally  spaced  apart,  and  are  separated  by  deep  pits 

^hich  lodge  mandibular  teeth;    these  pits  are  slightly  internal  to  the 

lines  of  the  teeth  themselves. 


A 


Amer.  Mus.  No.  7743 

Fig.  10.  Skull  and  jows  of  Onttclxmni  tetraspig  Cope.  Amer.  Mus.  No.  7743,  two-thirdii***' 
sise.  A,  superior  view  of  skull;  B,  lateral  view  of  skull,  left  side;  C,  lateral  view  of  nuuMfibk.!* 
side;   D,  superior  view  of  mandible ;  £,  inferior  view  of  skull. 
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^Iaxiliaries. — The  superior  portions  of  the  maxillaries  are  exceed- 
ingly short  and  the  inferior  portions  are  moderately  so.    The  maxillo- 
nasal  sutures  are  less  than  one-third  as  long  as  the  total  length  of  the 
maxillaTy  bones.    Their  sutures  with  the  lacrymak  are  very  irregular; 
their  sutures  with  the  jugals  are  very  short  in  the  antero-posterior  direc- 
tion. As  noted  above,  the  maxillaries,  in  the  antero-internal  portions  of 
their  superior  surfaces,  lodge  a  pair  of  shallow  depressions. 

On  their  palatal  surfaces  the  maxillaries  are  unusually  short  and 

broad.   The  length  of  the  two  maxillaries  along  the  median  line  is  very 

much  less  than  their  transverse  diameter  at  any  point.    The  maxillaries 

comprise  portions  of  the  internal  borders  of  the  palatine  fenestra,  as 

noted  above.    From  a  point  opposite  the  ninth  maxillary  tooth,  each 

maxillo-palatine  sutiu^  extends  inward  and  backward  a  very  slight 

distance,  then  turns  forward,  and  extends  in  a  direction  only  very  slightly 

inward  and  almost  antero-posterior,  to  a  point  opposite  the  seventh 

nuixillary  tooth,  and  then  extends  irregularly  inward  to  meet  its  opposite 

At  the  median  line.    In  its  forward  extent  and  its  outline,  the  maxillo- 

palatine  suture  of  this  specimen  differs  sUghtly  from  the  one  figured  by 

Gray  and  Schmidt. 

The  maxillary  portions  of  the  external  borders  of  the  palatine  fenes- 
trsB  are  broad  laterally,  extending  inward  from  the  dental  borders. 
FrcMn  the  anterior  ends  of  the  maxillo-ectopterygoid  sutures  (which 
extend  forward  to  the  level  of  the  tenth  maxillary  teeth)  backward,  the 
borders  of  the  maxiUaries  are  very  narrow;  opposite  the  last  and  next 
to  the  last  maxillary  teeth  the  internal  walls  of  the  alveoU  are  at  least 
very  thin,  and  may  possibly  be  absent  altogether,  so  far  as  the  maxil- 
laries are  concerned,  the  ectopterygoids  taking  their  places.  The  maxil- 
laries do  not  extend  back  for  any  considerable  distances  posterior  to  the 
dental  series. 

The  right  maxillary  contains  thirteen  teeth  and  the  left  twelve.  The 
^P^imen  figured  by  Gray  and  Schmidt  has  twelve  in  each  maxillary. 
"^«re  is  a  progressive  increase  in  the  size  of  the  teeth  from  the  first  to 
the  fifth  (on  the  right  side  of  the  skull  studied  the  fifth  tooth  is  small,  but 
'*^  alveolus  is  large).  The  sixth,  seventh,  eighth,  and  ninth  teeth  are 
^'^^Uer;  the  tenth  is  sUghtly  larger,  the  eleventh  larger  still,  while  the 
^^Ifth  is  small,  and  thirteenth  is  exceedingly  small. 

The  first  seven  teeth  in  each  maxillary  are  long-crowned,  sharp- 

^^''ited,  and  blade-like  in  form,  and  their  external  surfaces  are  curved 

^*^  than  their  internal  surfaces;   the  eighth  is  short-crowned,  but  is 

^^•T);  posterior  to  the  eighth  the  teeth  are  all  very  short-crowned  and 
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are  very  blunt.    The  demarkation  of  the  maxillary  teeth  into  distinct 
tearing  and  chewing  groups  is  very  marked.    The  anterior  seven  teeth 
in  each  maxillary  are  all  moderately  far  apart  from  each  other;  they  are 
separated  by  pits  which  receive  the  mandibular  teeth.    The  seventh  and 
eighth  are  likewise  separated  by  pit«,  but  are  farther  from  each  other 
than  are  the  teeth  farther  forward.    All  of  the  pits  are  in  line  with  the 
teeth  themselves.    The  eighth  and  ninth  teeth  are  moderately  far  apart, 
but  are  not  separated  by  pits.    Posterior  to  the  ninth  the  maxilhuy 
teeth  are  all  very  close  together. 

Nasals. — The  nasal  bones  are  short,  occupying  less  than  one-half 
the  length  of  the  skull,  in  spite  of  the  fact  that  they  extend  farther  for- 
ward than  do  most  crocodilian  nasals.    Their  anterior  processes,  whicL 
separate. the  superior  level  of  the  narial  aperture  into  two  sepante^ 
cavities,  are  very  slender;  immediately  posterior  to  the  narial  apertuRf 
however,  the  nasals  expand  in  breadth  very  rapidly,  and  reach  their 
maximum  breadth  at  the  points  where  the  premaxillaries,  maxillaries, 
and  nasals  come  together.    From  these  points,  which  are  at  the  levdcl 
the  third  maxillary  teeth,  backward,  the  nasals  remain  constant  ia 
breadth,   their   lateral   boundaries   (the  maxillo-nasal  sutures)  beini 
parallel.    Posterior  to  the  ends  of  the  maxillo-nasal  sutures,  at  the  kvd 
of  the  seventh  maxillary  t«eth,  the  nasals  decrease  in  breadth,  and  end 
rather  abruptly  at  the  level  of  the  ninth  maxillary  teeth.    Their  posteiior 
borders  are  nearlv  transverse.    The  sutures  of  the  nasals  with  thelacry- 
mals  are  slightly  longer  than  their  sutures  with  the  prefrontals. 

Lacrymals. — The  lacr>anals  are  large.  They  contain  t  he  tuberosities 
anterior  to  the  orbits  which  were  noted  above.  E^ach  of  them  occupies 
about  twice  as  much  area  as  the  corresponding  prefrontal;  their  sutures 
with  the  prefrontals,  and  their  axes  of  greatest  length  are  very  oblique  in 
position. 

Prefrontals. — The  prefrontals  are  of  moderate  size.  Their  poe- 
tero-external  borders  (the  orbits)  and  their  antero-external  borders  (the 
laciymo-prefrontal  sutures)  are  symmetrical  with  each  other;  their 
internal  borders  (the  naso-prefrontal  sutures  and  prefronto-frontal 
sutures)  form  symmetrical,  gently  concave  lines.  Their  sutures  with  the 
nasals  are  very  short. 

Frontal. — The  median  frontal  bone  is  relatively  large.  Its  anterior 
process  is  unusually  short  in  proportion  to  the  size  of  the  large  posterior 
plate.  The  anterior  process  is  relatively  broad,  and  it  ends  rather 
abruptly  at  its  anterior  end,  not  wedging  the  two  nasals  apart  as  in  most 
crocodilians.    The  orbital  borders  of  the  frontal  are  sharply  uprolled: 
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s  interorbital  space  is  relatively  narrow.  The  posterior  portion  of  the 
)ntal,  posterior  to  the  level  of  the  posterior  ends  of  the  orbits,  is  rela- 
vely  long  antero-posteriorly,  and  is  flat. 

PosTORBiTALS. — These  bones  are  small.  E^ch  of  them  occupies 
bout  two-fifths  as  much  area  on  the  cranial  table  as  the  corresponding 
quamoeal.  flach  occupies  about  three-tenths  of  the  lateral  border  of  the 
ranial  table;  the  lateral  border,  and  anterior,  or  orbital  border,  of  each 
le  approximately  equal  in  length. 

Squamosals. — The  squamosal  bones  are  large.  Each  squamosal 
•ccupies  about  two  and  one-half  times  are  much  surface  area  as  the  pre- 
rontal  of  the  same  side,  and  about  seven-tenths  of  the  lateral  border  of 
he  cranial  table;  its  surface  area  is  about  equal  to  that  of  the  parietal. 
Hie  length  of  external  border  of  each  squamosal  is  only  slightly  greater 
lian  the  length  of  its  posterior  border;  each  squamosal  comprises  a 
argpr  portion  of  the  posterior  border  of  the  cranial  table  than  the  parietal 
ind  supraoccipital  together.  The  squamosals  are  not  elevated  at  their 
postero-extemal  angles,  nor  are  they  characterized  by  unusual  pitting, 
except  that  some  of  their  pits  are  somewhat  deeper  than  those  of  other 
parts  of  the  cranial  table. 

Supraorbitals. — The  supraorbital  bones,  or  bony  eyelids,  are 
unusually  large,  and  are  considerably  curved.  The  one  on  the  right  side 
appears  to  be  composed  of  several  separate  elements  which  are  united  to 
«ch  other  by  suture.  This  may  be  partly  accidental,  however,  although 
it  least  one  of  the  cracks  appears  to  be  a  true  suture. 

Parietal. — The  parietal  is  veiy  flat  and  is  very  regularly  pitted, 
wcept  immediately  around  the  supratemporal  fenestrse,  where  it  is 
•*'iM)oth.  Its  central  portion  is  very  broad,  in  connection  with  the  wide 
^Dji;  of  the  fenestrae.  It  occupies  about  two-thirds  of  that  portion  of 
^^  posterior  border  of  the  cranial  table  which  is  situated  between  the 
internal  boundaries  of  the  squamosals.  The  supraoccipital  occupies  the 
median  third,  while  the  parietal  embraces  it  on  either  side,  and  forms  the 
^^0  external  thirds. 

Supraoccipital. — The  supraoccipital  occupies  a  very  small  portion 
^'  the  surface  of  the  cranial  table,  and  occupies  a  small  portion  of  its 
P^rior  border,  as  noted  above.  On  the  posterior  surface  of  the  skull  it 
^^^upies  over  one-third  of  the  breadth  of  the  cranial  l)ox,  at  its  broadest 
*^*'it,  and  it  extends  downward  about  two-thirds  of  the  distance  from 
'^^perior  border  to  the  foramen  magnum;  this  last  character  may  be 
^"^lated  with  the  young  age  of  the  individual. 
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ExocciPiTALs,  Basioccipital,  Basisphenoid,  and  Quadrates- 
These  bones  are  not  sufficiently  characteristic  to  deserve  special  atten- 
tion. 

QuADRATO-juGALs. — These  bones  are  broad  at  their  posterior  ends, 
and  are  slender  farther  forward.  The  right  quadrato-jugal  of  the  Bped- 
men  studied  extends  into  the  infratemporal  fenestra  as  a  sharp  piocesB^ 
comparable  to  those  of  the  various  species  of  CrocodiluB^  and  of  Tomi- 
stonuiy  but  somewhat  smaller.  The  left  side  has  no  such  process,  but  it 
may  have  been  present  and  broken  off.  The  Gray-Schmidt  figures  in- 
dicate no  such  processes  on  the  specimen  figured. 

JuGALs. — The  jugal  bones  are  characterized  by  their  rdativdr 
great  vertical,  and  short  antero-posterior  diameters.  Their  postdor 
processes  are  especially  short. 

Palatines. — The  sutures  of  the  palatines  with  the  maxillarieshav^ 
been  descrilx»d  above.    Posterior  to  these  sutures  the  palatines  decrMK" 
in  breadth  veiy  rapidly,  until  at  the  level  of  the  eleventh  maxillary  teeth, 
or  perhaps  the  level  of  the  borders  of  the  tenth  and  eleventh  maxiDaiT 
teeth,  they  are  about  one-half  their  breadth  at  the  level  where  themaxilk)- 
palatine  sutures  enter  the  fenestral  borders.    From  the  constricted  por- 
tion backward  the  palatines  broaden  verj'  rapidly,  until  at  their  sutuitt 
with  the  pterj^goids  they  are  broader  than  at  their  anterior  ends.   Th^ 
are  also  somewhat  expanded  vertically  at  their  posterior  ends,  assisting 
the  pterygoids  in  enclosing  an  enlargement  of  the  nasal  passage.  Tl» 
transverse  suture  of  the  palatines  with  the  pterygoids  is  situated  alto- 
gether anterior  to  the  posterior  ends  of  the  palatine  fenestra.   This  suture- 
extends  across  the  interfenestral  plate  in  an  irregular,  though  ahnoBt- 
directly  transverse,  direction.    Near  the  fenestra,  however,  on  the  kftr- 
side  of  skull,  the  suture  makes  a  sharp  turn  forward,  and  then  turn^ 
sharply  backward  again.    The  irregularities  are  all  on  a  verj"  small  scale  - 
however,  and  the  suture  is  nearly  transverse. 

Pterygoids. — The  pterygoids  are  relatively  long  in  proportion  t:> 
their  breadth,  as  compared  with  other  crocodiles.  The  small  inteniftJ 
narial  aperture  occupies?  only  a  small  portion  (about  one-fifth)  of  ih^ 
antero-posterior  diameter  on  the  median  line.  The  two  pterygoids  are 
united  by  suture  veiitrally,  but  are  united  without  suture  superioriy- 
The  pter>'^goids  extend  forward  beyond  the  posterior  ends  of  the  palatio^ 
fonestrse,  and  compose  a  jwrtion  of  the  interfenestral  plate. 

EcTOPTERYGOiDs. — These  bones  extend  as  far  forward  as  the  po** 
terior  margins  of  the  tenth  inaxillar>'  teeth;  as  noted  above,  tief 
extend  into  the  paliitino  fenestra?  iis  short  processes.    Their  posterior 
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cesses,  therefore,  are  very  broad,  and  are  not  pointed  anteriorly, 
ir  inferior  processes  are  very  broad  at  their  bases;  their  superior 
cesses  are  small. 

The  Mandible 

The  mandible  is  broad,  and  is  composed  of  stout  bones.  Each  ramus 
fourteen  t^eth,  but  also  has  a  depression  in  the  alveolar  border  pos- 
or  to  the  teeth,  which  might  be  occupied  by  a  pair  of  teeth  in  an  older 
.vidual.  The  posterior  processes  extend  backward  parallel  to  each 
?r,  instead  of  converging  posteriorly,  as  in  many  other  crocodiles. 
!  external  mandibular  foramina  are  relatively  large.  The  large  pos- 
or  internal  mandibular  foramina  are  verj"  large;  anterior  to  these  are 

pairs  of  small  foramina,  one  very  small,  along  the  contacts  of  the 
taries  and  the  coronoids,  the  other,  at  a  lower  level,  and  somewhat 
:er,  along  the  contacts  of  the  dentaries  and  angulars.  The  mandibular 
iers  are  slightly  festooned.  The  symphysis  extends  back  as  far  as 
level  of  the  fifth  mandibular  teeth.  The  splenial  bones  extend  almost 
he  sjrmphysis,  reaching  beyond  the  level  of  the  sixth  mandibular 
h.  The  internal  walls  of  the  alveoli  of  the  thirteenth  and  fourteenth 
idibular  teeth  appear  to  be  composed  of  the  splenial  bones  instead  of 
dentaries. 

The  spaces  between  the  mandibular  teeth  are  all  approximately 
al,  except  for  the  spaces  between  the  eighth  and  ninth,  on  each  side, 
eh  are  greater  than  those  between  the  other  teeth.  The  fourth  is  the 
est  tooth  on  each  side,  and  the  eleventh  is  second  in  size.  The  first 
teeth  on  each  side  are  sharp,  while  the  last  four  are  blunt;  the  transi- 
i  from  relatively  long-crowned  to  relatively  short-crowned  teeth  Ls 
"e  gradual. 

Measurements  Amer.  Mus.  No.  7743 

Sth  of  Skull,  Tip  of  Snout  to  Supraoc(>i|)ital  .  1265M. 

Sth  of  Skull,  Tip  of  Snout  to  Ends  of  (iundrotes  .  1315 

Cth  of  Snout  .0670 

.dth  of  Snout  at  Base             «  0560 

dth  of  Snout  at  Fifth  Maxillary  Teeth  .0475 

dth  of  Snout  at  Notches  .  0280 

dth  ci  Snout  Across  Premaxillarios  .  0290 

dth  of  Skull  Across  Quadrato-  j ufca Is  .  0778 

dth  of  Cranial  Table  .  0454 

dth  of  Interorbital  Plate  .  0122 

(th  of  Right  Orbit  .  0300 

fth  of  Left  Orbit  .  0290 

^  of  Mandible  .  1485 

dth  of  Mandible  .  0780 
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Remarks 

This  form  is  in  some  respects  more  highly  specialized  than  OgUdti^- 
pharon  osborni,  especially  in  connection  with  the  nasal  septum,  theiiregut- 
larities  of  the  palatine  fenestr®,  and  the  very  small  size  of  the  supna- 
temporal  fenestrae.  In  other  respects  it  is  rather  primitive,  and  resembles 
the  Eocene  crocodiles  of  the  Bridger  Epoch.  It  may  be  considered  as  » 
side  line,  which  has  diverged  from  the  central  crocodUe  stem  in  Tertiary 
time;  Osteoblepharon  is  intermediate  between  this  form  and  thetm^ 
crocodiles;  the  species  has  no  direct  relation  to  Alligator  or  GamalU. 

Jacabb  Gray 
Generic  Characters 

The  species  hsted  under  this  genus  are  sometimes  included  under  ^ 
Caiman,  as  in  the  catalogue  by  Boulenger.    Certain  writers,  espedaD. 
Huxley,  have  considered  that  the  South  American  caimanoid  8| 
belong  naturally  in  two  genera  instead  of  one.    Three  of  the  five  s\ 
referred  by  Boulenger  to  Cahnan  are  here  referred  to  Jacare  (J.  sckmp^^  ^ 
J.  latirostrisy  and  J.  niger);   the  two  remaining  species  (C.  trigenot^ 
and  C.  palpebrosus)  are  referred  to  Caiman, 

The  skull  of  this  genus  is  broad,  and  is  rounded  at  the  anterior  eniB- 
the  fourth  mandibular  teeth  typically  bite  into  pits  in  the  upper  jaw 
in  Alligator.     The  prefrontal  borders  of  the  orbits  are  elevated  int 
prominent  ridges;  these  extend  forward  and  slightly  outward,  over  it* 
lacrynial  and  maxillarj'  boners;  their  strength  and  extent  vary  among tl»-' 
species.    Near  the  anterior  ends  of  the  orbits  the  two  ridges  are  coi 
nected  by  a  transverse  ridge,  which  in  some  cases  is  lower  and 
than  the  antero-jx)sterior  ridges;   the  transverse  ridge  is  usually  inte 
rupted  at  the  median  line  by  a  slight  depression;  it  separates  the  to 
surface  of  the  snout  from  the  upjx^r  surface  of  the  interorbital  plat: 
the  anterior  portions  of  the  longitudinal  ridges  and  the  transverse  ri( 
together  frequently  fonn  a  letter  U  in  general  outline.     The  su] 
temporal  fenestra?  are  small,  and  in  ver>'  old  individuals  are  occasionaLXy 
obliterated;  they  are  situated  far  apart  from  each  other.    There  may 
may  not  be  a  constriction  at  the  lateral  Iwrder  of  the  snout  along t 
line  of  the  premaxillo-maxillar>'  suture.    There  is  usually  a  slight  co 
striction  farther  back.    The  cranial  table  is  flat. 

The  orbits  are  large  and  close  together.    The  narial  aperture  is 
large,  and  is  especially  broad  in  proportion  to  its  length.    It  is  "^ 
divided  by  a  median  bony  septum  as  in  Alligator.     The  premaxiBary 
foramen  is  large;    it  is  very  long  in  proportion  to  its  breadth;  iti- 
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sharply  pointed  anteriorly,  and  may  be  pointed  or  rounded  posteriorly. 
The  palatine  fenestrae  are  large.  The  internal  narial  aperture  is  very 
htttd  in  proportion  to  its  length;  it  is,  usually  at  least,  divided  by  a 
median  septum. 

One  of  the  most  characteristic  and  constant  characters  of  the  genus 
is  the  relation  of  the  squamosal,  parietal,  and  supraoccipital  bones  to 
each  other.  The  supraoccipital  occupies  a  considerable  area  on  the 
nirface  of  the  cranial  table;  it  occupies  the  entire  portion  of  the  pos- 
terior border  of  the  table  which  is  situated  between  the  two  lateral 
portions  which  consist  of  the  squamosals;  the  parietal  is  therefore 

EXaUDED  FROM  THE  POSTERIOR  BORDER  ALTOGETHER;    this  is  a  decided 

contrast  with  the  condition  in  all  other  known  crocodiles. 

The  lacrymal  bones  are  large,  and  irregular  in  outline,  especially 
along  their  anterior  borders;  they  have  extensive  contacts  with  the 
oasals.  The  maxillo-palatine  suture  is  characteristic  and  constant  in 
outline.  On  each  side  it  curves  outward  anterior  to  the  palatine  fene- 
stra, then  inward  again  to  the  median  line.  The  anterior  end  of  the  two 
palatines  together,  is  therefore  rounded  externally.  The  posterior  ends 
are  not  distinctive. 

Huxley  includes  in  his  diagnosis  of  the  characters  of  this  genus  this 
statement :  "  The  vomers  [prevomers] ,  separated  by  a  longitudinal  suture, 
appear  in  the  palate  between  the  premaxillaries  and  the  palatine  plates 
<rf  the  nuudllaries."  This  statement  will  hardly  hold  for  the  entire 
8enu8,  as  in  none  of  the  specimens  of  J.  sderops  and  J.  UUirostris  ex- 
amined do  the  prevomers  appear  at  the  surface  of  the  palate.  They  do  so 
appear  in  J.  niger,  however,  and  their  presence  may  be  considered  as  a 
specific  and  not  a  generic  character. 

The  teeth  are  stout,  and  the  lower  series  bites  entirely  inside  of  the 
^)per  series.  The  fourth  maxillary  teeth  are  enlarged.  The  number  of 
superior  teeth  on  each  side  varies  from  eighteen  to  twenty;  the  number 
of  inferior  teeth  also  ranges  from  eighteen  to  twenty. 


Jacare  niger  (Spix) 

The  following  dsecription  of  the  skull  of  Jacare  niger  is  based  pri- 
^*^y  upon  a  somewhat  more  than  half-grown  specimen  in  the  Harvard 
Museum  (Mus.  Comp.  Zool.  No.  4043).  Many  of  the  characters  were 
verified  upon  a  full-grown  specimen  in  the  American  Museum  (Amer. 
Mug.  No.  15171);  this  specimen  is  not  complete. 
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General  Form 

In  the  general  form  of  the  skull  Jacare  niger  resembles  J.  sdtr€>ps 
and  J.  latirostris;  it  differs  somewhat  from  the  other  two  species,  ho^vr- 
ever,  and  in  some  respects  is  intermediate  between  them. 

The  skull  is  relatively  broad  and  short,  as  in  the  other  two  species  of 
Jacare.    The  anterior  end  of  the  snout  is  slightly  more  pointed  than  in 
these  species,  especially  J.  latirostris.    The  outline  of  the  snout  suggests 
a  triangular  form,  although  it  is  not  distinctly  triangular. 

The  ridges  of  the  snout  are  unusually  prominent.    They  comprise 
two  distinct  groups,  as  in  the  two  related  species;  they  are  far  more 
prominent  than  in  J.  sclerops.    The  posterior  group  consists  of  the  pi^ 
orbital  U-shaped  elevations  and  the  anterior  group  of  a  pair  of  oblique 
elevations  which  extend  inward  and  backward,  at  angles  of  about  45^ 
from  the  antero-posterior  direction,  from  the  position  of  the  pranaaDo^ 
maxUlary  suture  on  the  lateral  borders  of  the  skull,  to  points  near  th^ 
junctions  of  the  premaxillo-maxillary,  premaxiUo -nasal,  and  nuudUiK 
nasal  sutures,  and  then  directly  backward,  or  backward  and  then  slightlf 
outward,  and  join  the  posterior  U-shaped  ridges  inmiediately  anterior  tx> 
the  junctions  of  the  maxillo-nasal,  maxillo-lacrymal,  and  naso-laciymiL 
sutures. 

The  posterior  ridges  rise  on  the  superior  borders  of  the  orbits  about 
midway  between  the  anterior  and  posterior  ends  of  the  latter.  Theycx-- 
tend  forward  in  almost  straight  lines  to  the  areas  above  the  fourth  maxil— 
lary  teeth,  where  they  merge  into  the  rounded  elevations  of  the  snout 
above  these  large  teeth.  The  anterior  half  of  the  interorbital  region, 
between  the  two  ridges,  is  concave.  The  ridges  themselves  are  veijr 
prominent;  they  diverge  anteriorly  and,  not  counting  the  transverae 
connecting  ridge,  resemble  a  V  rather  than  a  U.  The  connecting  ridpe 
is  low;  it  is  only  very  slightly  elevated  above  the  level  of  the  interorbital 
region,  but  is  distinctly  elevated  above  the  surface  of  the  snout.  Attt^ 
median  line  the  passage  from  the  interorbital  plate  to  the  snout  is  gradual^ 
the  ridge  being  low,  practically  absent  at  this  point.  Either  side  of  tiao 
median  line  the  descent  is  very  sudden,  the  snout  being  depressed  iica-" 
mediately  anterior  to  the  transverse  ridge.  The  two  strong  diverpa^ 
ridges  and  the  weaker  transverse  ridge  together  make  a  U-shaped  struc?-' 
ture,  whose  arms  diverge  much  more  than  do  those  of  J.  sclerops  or  Z^- 
latirostris. 

There  is  no  prominent  elevation  around  the  external  narial  apertui^/ 
but  there  is  a  low  ridge-like  structure  bordering  the  postero-external 
corner  on  either  side. 
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The  cranial  table  is  rather  small,  and  its  surface  is  very  flat.  Its 
external  borders  are  nearly  parallel,  though  they  converge  very  slightly 
in  the  anterior  direction.  The  external  borders  are  not  sharply  set  off 
from  the  anterior  borders,  but  merge  into  them  through  short  antero- 
external  borders  at  the  antero-external  angles  of  the  cranial  table.  The 
posterior  border  of  the  table  is  strongly  concave. 

The  Cavities  of  the  Skull 

SuPRATEMPORAL  FENESTRA. — These  cavitics  are  small  and  are 
irregularly  elongate  in  form,  their  greatest  diameters  being  antero- 
posterior in  direction.  They  are  situated  rather  far  forward  on  the 
cranial  table,  being  nearer  the  orbits  than  the  posterior  border;  they 
are  also  rather  widely  separated,  the  interfenestral  space  being  consider- 
ably greater  than  the  space  between  either  fenestra  and  the  external 
border.  The  two  fenestrse  together  would  be  much  smaller  than  the 
external  narial  aperture. 

Infratemporal  FENESTRiE. — These  fenestrse  are  small  in  size, 
though  they  are  considerably  larger  than  the  supratemporal  fenestrae. 
Each  of  them  is  distinctly  triangular  in  form,  with  the  three  sides  of  the 
triangle  approximately  equal  in  length.  The  apex  of  each  triangle  lies 
under  the  anterior  end  of  the  corresponding  supratemporal  fenestra. 
The  postorbital  bar,  which  forms  the  anterior  boundary  of  each  infra- 
temporal fenestra,  is  considerably  more  inclined  than  in  most  crocodilians 
induding  J.  sderops. 

Orbits. — The  orbits  are  enormous  in  eize,  occupjdng  one-fourth  of 
the  total  length  of  the  skull,  from  the  extremities  of  the  quadrates  to 
the  tip  of  the  snout.  They  are  also  broad  laterally,  the  interorbital 
space  being  narrow,  especially  in  its  posterior  half.  In  form  the  superior, 
or  internal,  half  of  each  orbit  is  regularly  curved ;  the  inferior,  or  external 
border  is  composed  of  two  nearly  straiojht  lines  of  equal  length,  which 
Oieet  below  the  center  of  the  orbit.  The  huge  size  of  the  orbits  is  a  striking 
characteristic  of  the  species.    Each  orbit  contains  a  small  bmy  eyelid. 

External  Narial  Aperture. — This  cavity  is  large,  and  is  well 
^parated  from  the  tip  of  the  snout.  It  is  rounded  anteriorly  with  a 
slight  notch  at  the  median  line;  its  broadest  point  is  nearer  the  anterior 
than  the  posterior  end.  The  anterior  portions  of  the  lateral  borders  are 
'funded,  and  are  not  separable  from  the  anterior  border;  the  posterior 
portions  are  straight  and  converge  slightly  backward.  The  posterior 
^rder  is  straight  and  transverse,  except  at  the  medi m  line,  where  there  is 
*  pair  of  processes  from  the  premaxillaries  projectinccinto  the  cavity  itself. 


Mu«.  Comp.  Zool.  No.  4043 

Fig.  11.  Skull  and  jaws  of  Jacare  niger  (Spix).  Mus.  Comp.  Zool.  No.  4043,  one-fifth natanl** 
A,  auporior  view  of  akull;  B,  lateral  view  of  skull,  left  side;  C,  lateral  view  of  mandible, left lide;  »'• 
superior  view  of  mandible;  E,  inferior  view  of  skull. 
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Premaxillabt  Foramen. — This  cavity  is  very  large;  it  is  elongate 
vn  form,  and  is  pointed  at  each  end,  more  acutely  so  at  the  anterior  end 
than  at  the  posterior.  The  lateral  borders  are  straight  converging  lines 
in  the  anterior  portions,  but  are  more  rounded  near  their  posterior  ends. 
The  foramen  extends  from  very  near  the  first  premaxillary  teeth  to  the 
premaxillo-prevomer  suture. 

Palatine  FENESTitfi.-r-The  palatine  fenestrae  are  large,  but  not 

unusually  so;  they  are  rather  broadly  rounded  anteriorly  and  broadly 

pointed  posteriorly.     They  are  regular  in  outline,  the  external  and 

internal  borders  being  synmietrical  with  each  other.    They  extend  as  far 

forward  as  the  spaces  between  the  eighth  and  ninth  maxillary  teeth. 

Internal  Narial  Aperture. — This  cavity  is  very  broad  in  pro- 
portion to  its  length.  Its  anterior  border  is  straight  and  transverse  in 
direction;  its  posterior  border  is  irregular,  and  is  elevated  into  a  pair  of 
flanges  which  slightly  overhang  the  cavity  itself.  The  median  bony 
septum  is  strong.    The  cavity  faces  forward  as  well  as  downward. 


The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillary  bones  are  broad  in  proportion 
to  their  length.  In  the  smaller  specimen  examined  they  are  pierced  by 
the  first  and  fourth  mandibular  teeth;  in  the  larger  specimen  they  are 
Dot  pierced  at  all. 

The  premaxillo-maxillary  sutures,  on  the  superior  surface,  extend 

inward  and  backward,  somewhat  irregularly,  but  in  a  general  direction 

about  45°  from  antero-posterior.    The  posterior  ends  of  the  bones  lie 

^^er  the  third  maxillary  teeth.    In  the  smaller  specimen  the  premaxil- 

^^'ies  meet  behind  the  narial  aperture,  excluding  the  nasals  from  the 

^^ter;  in  the  larger  specimen  they  do  not  come  in  contact  with  each 

^^her  superiorly,  the  nasals  entering  the  aperture.    The  premaxillo-nasal 

^^^Ures  diverge  rapidly  in  the  posterior  direction. 

On  the  palatal  surface  each  premaxillo-maxillary  suture  extends 

'^ni  the  center  of  the  space  between  the  fifth  premaxillary  tooth  and  the 

^^t  maxillary  tooth,  inward  and  slightly  backward  across  the  deep  pit 

^hich  receives  the  fourth  mandibular  tooth,  across  a  small  foramen 

^^temal  to  this  pit,  then  backward  and  slightly  inward  to  a  point  slightly 

P^terior  to  the  level  of  the  first  maxillary  teeth,  then  obliquely  inward 

^^i  forward  to  the  contact  of  the  premaxillary,  maxillary,  and  prevomer, 

^^m  which  point  the  suture  extends  obliquely,  but  not  far  from  antero- 

P^^teriorly,  forward  to  the  median  line  as  a  premaxillo-prevomer  suture. 
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The  first  premaxillary  teeth  are  very  small;  the  second  are  not 
preserved  in  either  skull  studied,  but  from  their  alveoli  appear  to  have 
been  small,  but  not  much  smaller  than  the  first;  the  third  are  large  ancl 
strong;  the  fourth  are  also  large  and  stout,  next  to  the  fourth  and  mUM, 
maxillary  teeth  being  the  largest  in  the  upper  jaw;  the  fiftii  are  of  me- 
dium size,  being  larger  than  the  first  and  smaller  than  the  third. 

These  teeth  are  spaced  in  the  usual  manner;  the  first  are  situatel 
close  together;  they  are  separated  from  the  second  by  the  unusiu^ 
large  pits  for  the  first  mandibular  teeth;  the  second  are  rather  dose  to 
the  third,  but  their  alveoli  are  separated  from  those  of  the  latter  hr 
stout  walls  of  bone;  the  third  and  fourth,  and  the  fourth  and  fifth,  are 
separated  by  considerable,  though  not  great,  spaces  of  equal  size. 

Maxillaries. — Like  the  premaxillaries,  the  maxillaries  are  ida- 
tively  broad.  They  contain  most  of  the  large  preorbital  ridges  mefr- 
tioncd  above,  also  the  larger  portions  of  the  anterior  oblique  ridges. 

The  maxillo-nasal  sutures  diverge  in  the  posterior  direction,  but  not 
as  conspicuously  as  the  premaxillo-nasal  sutures,  throughout  their 
entire  lengths.     The  maxillo-lacr>'mal  sutures  are  complex  in  fonn. 
Each  of  them  extends  forward  and  outward  a  short  distance  from  to 
origin  at  the  maxillo-naso-lacrymal  contact  over  the  space  between  th& 
seventh  and  eighth  maxillary  teeth,  then  backward  and  slightly  outwari 
up  on  the  preorbital  ridge,  to  a  point  over  the  large  ninth  maxillary  tooth, 
then  outward  and  forward,  down  over  the  external  margin  of  the  ppe— 
orbital  ridge  to  a  point  opposite  its  origin,  then  backward  and  outwardl. 
to  a  point  near  the  anterior  end  of  the  orbit,  over  the  ninth  maxillai)^ 
tooth,  where  the  maxillary,  lacrymal,  and  jugal  bones  come  in  contac*> 
with  each  other. 

The  maxillo-jugal  suture  extends  almost  directly  downward,  o^^ 
each  side,  from  the  point  just  mentioned,  for  a  distance  about  half  (^"^ 
that  between  this  point  and  the  inferior  border  of  the  skull,  then  curves^ 
backward  to  the  posterior  end  of  the  maxillary  bone. 

On  the  palate  the  maxillaries  occupy  a  comparatively  small 
because  of  the  large  size  of  the  anterior  processes  of  the  palatines,  and  th.^ 
presence  of  the  prevomers  at  the  surface.    Neglecting  the  prevomers  th>^ 
distance  along  the  median  line  from  the  premaxillaries  to  the  palatine^ 
is  not  great,  the  anterior  end  of  maxillo-palatine  suture  extending  slightly 
farther  forward  than  the  level  of  the  fifth  maxilllary  teeth.    As  neari/" 
one-half  of  this  distance  is  occupied  by  the  prevomers^  the  median  longh 
tudinal  extension  of  the  maxillaries  is  very  small.    The  maxillo-palatioe 
suture  extends,  on  each  side,  inward  and  backward  from  near  the  anterior 
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end  of  the  palatine  fenestra  in  the  usual  crocodilian  manner,  then  for- 
ward and  outward  to  a  point  slightly  posterior  to  the  level  of  the  seventh 
maxillary  teeth,  then  curves  forward  and  inward  to  the  median  line.  At 
the  level  of  the  greatest  lateral  expansion  of  the  palatines  the  maxillaries 
occupy  but  seven-twelfths  of  the  total  breadth  of  the  skull. 

Nasals. — The  nasals  are  relatively  short  and  broad  bones.  They 
are  excluded  from  the  external  narial  apertiu'e  in  the  smaller  skull  studied, 
but  enter  it  in  the  larger  one;  in  the  smaller  specimen  the  left  nasal  is 
longer  than  the  right.  The  nasals  broaden  rapidly  from  their  anterior 
extremities  to  the  level  of  the  anterior  ends  of  thenaso-lacrjrmal  sutures, 
over  the  seventh  maxillary  teeth;  from  this  point  back  they  narrow 
graduallytotheposteriorendsof  thenaso-lacr^'mal  sutures,  then  narrow 
rapidly  to  a  point  between  the  anterior  ends  of  the  orbits,  immediately 
anterior  to  the  transverse  ridge.  The  sutures  with  the  premaxillary  and 
maxillaiy  bones  have  been  described  above.  The  contacts  with  the  lacry- 
nuib  are  very  short,  each  being  but  one  and  one-half  centimeters  long 
in  the  smaller  skull.  The  naso-pref  rontal  sutures  are  somewhat  longer, 
but  are  still  rather  short;  the  nasals  have  no  contact  with  the  frontal  in 
the  smaller  skull,  but  they  are  slightly  wedged  apart  at  their  posterior 
ends  by  the  anterior  process  of  the  frontal  in  the  larger  one.  The  total 
length  of  the  nasals  is  about  one-third  of  the  total  length  of  the  skull. 

UcBTMAL8.-The  lacrymals  are  moderate  in  size  and  complex  in 
fonn.  The  maxillo-lacrymal  and  naso-lacrymal  sutures  have  been  de- 
scribed above.  The  lacrymo-prefrontal  sutures  are  long,  the  lacrymal 
hones  extending  relatively  far  back  on  the  superior  borders  of  the  orbits. 
The  sutures  with  the  jugals  are  short,  being  less  than  three  centimeters 
long  in  the  younger  skull;  these  sutures  rise  from  the  inferior  borders  of 
the  orbits  slightly  posterior  to  their  anterior  pointed  extremities. 

Prefrontals. — The  prefrontal  bones  are  long  and  slender.  They 
^^<^py  very  short  spaces  along  the  centers  of  the  superior  borders  of  the 
orbits;  in  the  smaller  skull  they  meet  each  other  along  the  median  Une 
P^^rior  to  the  nasals.  The  prominent  cross-ridge  between  the  anterior 
^Ddg  of  the  orbits  is  borne  entirely  by  the  prefrontals. 

Fbontaju. — The  frontal  is  relatively  long.  As  noted  above,  it  has  no 
intact  with  the  nasals.  It  is  narrow  in  its  central  portion,  in  connection 
^th  the  huge  size  of  the  orbits.  The  posterior,  or  cranial,  portion  is  also 
*^^^w;  the  bone  does  not  extend  far  back  of  the  posterior  ends  of  the 
orbits. 

The  frontal  is  rather  widely  separated  from  the  supratemporal  fenes- 
^^'    The  sutures  with  the  postorbitals  are  short,  and  are  inclined  about 
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45°  with  the  longitudinal  axis  of  the  skull.    The  suture  with  the  parietal 
is  also  short,  and  is  nearly  transverse  in  direction. 

PosTORBiTALS. — These  bones  are  small.  Their  sutures  with  the 
frontal  have  been  described  above.  The  sutures  with  the  parietal  aid 
short,  and  they  make  angles  of  about  45°  with  the  longitudinal  suds  of  the 
skull;  they  are  nearly,  if  not  quite,  perpendicular  with  the  longitudinal 
axis  of  the  skull. 

Squamosals. — The  squamosal  bones  are  very  large,  the  surface 
area  of  each  being  about  three  times  as  great  as  that  of  the  correspondini^ 
postorbital.     They  have  extensive  sutures  with  the  supraoccipita!, 
completely  excluding  the  parietal  from  the  p)osterior  border  of  the  cranial 
table.     In  this  J.  niger  resembles  J.  sderops  more  than  J,  latirodris. 
The  sutures  with  the  parietal  and  supraoccipital  are  nearly  antero- 
posterior in  direction,  except  near  the  posterior  ends  of  the  supratempoial 
fenestra,  where  the  squamoso-parietal  sutures  bend  outward  in  the 
anterior  direction. 

Parietal. — The  parietal  bone  is  relatively  large,  in  correlationwith 
the  small  size  of  the  supratemporal  fenestrse.  As  noted  above,  the  bone 
is  excluded  from  the  posterior  border  of  the  skull  by  the  large  superior 
plate  of  the  supraoccipital. 

Supraoccipital. — The  supraoccipital  bone  is  large.  Along  the 
posterior  border  of  the  cranial  table  it  occupies  the  entire  space  between 
the  two  squamosals.  The  sutures  with  the  squamosals  are  rather  ex- 
tensive, contrasting  somewhat  with  those  of  J.  latirostris.  The  supra- 
occipital  portion  of  the  posterior  surface  of  the  skull  is  also  large;  it 
extends  vertically  about  two-thirds  of  the  distance  downward  from  the 
superior  border  to  the  foramen  magnmn. 

EXOCCIPITALS,    BaSIOCCIPITAL,    BASrSPHENOID,  AND  QUADRATES."' 

These  bones  are  not  especially  characteristic  in  outline  or  relations. 

QuADRATo-juGALS. — The-:e  bones  are  rather  short  and  broad, and 
their  borders  are  nearly  parallel.  Their  antero-superior  processes  aie 
relatively  broad;  they  have  smoother  outlines  than  in  J.  sderops. 

JuGALs. — The  posterior  bars  of  the  jugal  bones  are  unusually  slender 
and  their  anterior  plates  are  high.  The  transition  from  slender  to  broad 
portion,  in  each,  is  sharp. 

Prevomers. — Jacare  niger  is  unique  among  the  existing  crocoditians 
in  having  the  prevomers  as  part  of  the  surface  of  the  palate  between  the 
premaxillary  and  maxillary  bones.    They  may  sometimes  be  seen  on  the 
palate  of  Tomistoma  schlegeliiy  but  between  the  maxillaries  and  palatines. 
In  J.  niger  the  prevomers  on  the  palatine  surface  appear  as  a  small  irregu- 
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rhomboid  figure.  In  the  smaller  specimen  studied  they  are  unequal 
«;  this  may  vary  among  different  individuals.  These  bones  are  not 
irved  in  the  larger  skull.  They  extend  from  the  posterior  end  of  the 
inferior  premaxillary  foramen,  slightly  posterior  to  the  level  of  the 
premaxiUary  teeth,  back  to  the  level  of  the  second  maxillary  teeth. 
Palatines. — These  bones  are  not  preserved  in  the  larger  skull. 
le  smaller  one  they  form  nearly  the  entire  internal  borders  of  the 
ine  fenestrse.  The  sutures  with  the  maxillaries  have  been  described 
3.  The  anterior  processes  together  occupy  a  large  rounded  area  on 
irface  of  the  palate,  as  in  J.  sderops  and  J.  latirostris.  The  palatines 
d  back  beyond  the  posterior  ends  of  the  palatine  fenestra.  The 
e  with  the  pterygoids  is  shaped  like  a  letter  V,  with  the  apex  directed 
fd. 

i^ERYGOiDS. — The  pterygoids  are  not  preserved  in  the  larger  skull. 
e  smaller  one  they  are  very  concave  in  form,  both  in  the  antero- 
rior  and  the  transverse  directions.  They  form  very  small  portions 
)  external  borders  of  the  palatine  fenestrse.  Posterior  to  the  internal 
1  aperture  they  are  elevated  into  a  pair  of  ridge-like  processes. 
EcTOPTERYGOiDs. — The  anterior  processes  of  the  ectopterygoids 
hort,  extending  forward  only  to  the  level  of  the  posterior  borders 
B  eleventh  maxillary  teeth.  Their  superior  processes  are  very  short, 
heir  postero-inferior  processes  are  both  long  and  stout. 

Mandible 

The  mandible  is  stout.  The  symphysis  is  of  moderate  length;  in 
mailer  specimen  it  extends  back  to  the  level  of  the  spaces  between 
ourth  and  fifth  mandibular  teeth;  in  the  larger  one  it  extends  back 
le  level  of  the  fifth  mandibular  teeth.  In  the  larger  specimen  the 
dais  extend  forward  to  the  symphysial  suture,  but  do  not  form  any 
ifiive  portion  of  the  symphysis;  in  the  smaller  specimen  the  left 
lial  extends  forward  to  the  symphysis,  but  the  right  one  falls  short 
The  external  mandibular  foramina  are  very  large;  the  internal 
are  moderately  large.  The  articular  surfaces  of  the  articular  bones 
roflsed  by  small  but  distinct  transverse  ridges,  dividing  them  into 
ior  and  posterior  portions.  The  posterior  processes  of  the  sur- 
lar  and  articular  bones  extend  directly  backward,  and  do  not  con- 
inward  as  in  many  crocodilians. 

2ach  ramus  of  the  mandible  contains  eighteen  teeth.  These  vary 
lerably  in  size  and  form.  The  fourth,  in  each  ramus,  is  the  largest; 
•Bt  is  only  slightly  smaller.    The  eleventh  and  twelfth  are  also  large. 
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From  the  fifth  to  the  tenth,  inclusive,  the  teeth  are  very  small.  The 
second  and  third  are  of  median  size,  also  those  posterior  to  the  twelfth. 
The  anterior  twelve  or  thirteen  teeth  are  stout,  but  they  are  more  or  less 
sharp  pointed,  especially  in  the  anterior  region  of  the  jaw.  The  posterior 
teeth  are  very  blunt. 

Measurements 


Length  of  Skull,  Tip  of  Snout  to  Supraoccipital 

Length  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates 

Length  of  Snout 

Breadth  of  Skull  Across  Quadrato-jugals 

Breadth  of  Snout  at  Base 

Breadth  of  Cranial  Table 

Length  of  Left  Orbit 

Length  of  Mandible,  Total 

Breadth  of  Mandible,  Maximum 


Mus.  Ck)mp. 

Amer.  Mu&« 

Zool.  No. 

No.  15171 

4043 

.340M. 

.455M. 

.374 

.500 

.190 

.270 

.181 

.268 

.150 

.197 

.095 

.145 

.092 

.110 

.417 

•  •  •  • 

.200 

.270 

Jacare  latiroBtris  (Daudin) 

The  description  of  the  skull  of  this  spedes  is  based  upon  a  sin; 
specimen  (Mus.  Comp.  Zool.  No.  4981). 


General  Form 

The  skull  is  exceedingly  short  and  broad;  the  snout  is  espeda^JIy 
so,  its  length  and  its  breadth  at  the  base  being  approximately  equi^- 
The  anterior  end  of  the  snout  is  rounded,  much  as  in  AUigaior  missis^^P' 
piensis,  A  very  sUght  constriction  marks  the  lateral  portion  of  the 
maxillo-maxillary  suture.  The  cranial  table  is  large,  and  is  conside 
broader  than  long;  it  is  rather  coarsely  pitted,  and  it  is  convex  in  la 
profile;  this  last  character  may  be  due  to  the  relatively  young  age  of 
specimen;  it  is  approximately  rectangular  in  outline. 

The  interorbital  region  is  concave,  the  posterior  portion  of  it 
sUghtly  so,  the  anterior  portion  deeply  so.    A  conspicuous  ridge  conz^isti- 
tutes  each  supraorbital  boundary.    Anterior  to  the  orbit  this  ridge      J*" 
comes  very  prominent;  it  extends  forward  and  outward  to  a  point  c^ver 
the  fourth  ma:^lary  tooth,  where  it  ends  in  a  slight  expansion.    The   ^^ 
opposite  ridges  are  connected  near  the  orbits  by  a  complex  trans^^^rae 
bridge.    This  rises  a  short  distance  anterior  to  each  orbit,  branches  off 
from  the  rostral  ridge  and  extends  inward  and  somewhat  backward  to  s 
point  slightly  external  to  the  mid-line,  about  on  a  level  with  the  anterior 
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of  the  orbits.  There  it  dies  out  as  a  prominent  cross-ridge,  and 
8  the  mid-line  constitutes  an  inclined  path,  connecting  the  lower 
of  the  snout  with  the  upper  level  of  the  interorbital  region.  On  the 
site  side  it  continues  symmetrically  to  its  termination  in  front  of  the 
.  The  posterior  edge  of  this  ridge  isnnerely  a  very  slight  elevation  of 
Qterorbital  r^on  (except  near  the  mid-line);  the  anterior  edge  is 
y  overhung. 

rhe  U-shaped  ridge  is  therefore  somewhat  more  irregular  than  in  J. 
ps.  The  snout  is  very  irregular  in  shape.  Two  low  flat  ridges 
d  forward,  with  a  shallow  depression  between  them;  these  ridges 
lepression  are  situated  on  the  nasal  bones  exclusively.  They  die 
ear  the  external  narial  aperture.  At  the  level  of  the  fourth  maxillary 
is  a  pair  of  depressions  between  the  prominent  preorbital  ridges  and 
>w  nasal  ridges.  In  the  vicinity  of  these  depressions  the  snout  is 
y  pitted;  between  this  pitted  area  and  the  orbits  it  is  relatively 
th.  A  pair  of  shallow  irregular  ridges  extends  outward  and  forward 
a  point  near  each  premaxillo-maxillary-nasal  juncture,  along  the 
udllo-maxillary  suture.  The  posterior  half  of  each  lateral  border  of 
eternal  narial  aperture  is  elevated  and  rugose. 

The  Cavities  of  the  Skull 

luPRATEMPORAL  Fenestilb. — The  supratemporal  fenestra  are 
,  and  are  irregular  in  outUne.  They  are  situated  rather  far  apart 
each  other,  and  their  boundaries  are  not  elevated  into  ridges.  They 
igular  in  outline  rather  than  rounded,  and  the  two  are  unUke  each 

• 

NFRATEMPORAL  Fenestilb. — These  cavities  are  small,  and   are 
ctly  triangular  in  outline.    They  are  overhung  by  the  edges  of  the 
cranial  table. 

Orbits. — The  orbits  are  large;  their  inferior  borders  are  straight 
re  nearly  antero-posterior  in  direction.  Their  posterior  borders  are 
r  straight,  and  their  antero-internal  borders  are  distinctly  rounded. 
IxTEBNAL  Narial  Aperture. — This  cavity  is  broader  than  long, 
lasals  enter  it  at  its  posterior  end,  and  form  a  conspicuous  projec- 
ito  it.  The  premaxillary  portions  of  the  posterior  border  curve  for- 
somewhat  toward  this  median  posterior  process.  The  small  fora- 
caused  by  the  piercing  of  the  snout  by  the  first  mandibular  teeth 
the  aperture  at  the  level  of  the  anterior  end  of  the  premaxillary 
en.  At  the  anterior  end  of  the  aperture  four  very  small  foramina 
the  floor  near  the  median  line. 
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Premaxillary  Foramen. — This  cavity  is  shaped  much  as  in  /« 
sclerops.    Its  lateral  borders  are  slightly  concave  curves;   these  meerfc 
anteriorly,  giving  the  cavity  a  rather  acute  anterior  termination, 
posterior  border  is  directly  transverse  except  for  a  slight  notch  at  tlk< 
median  Une. 

Palatine  Fenestra. — The  palatine  fenestrse  are  broad  themsdve^s, 
and  the  space  between  them  is  also  broad,  especially  at  its  anterior  eii«:z3. 

Internal  Narial  Aperture. — This  cavity  is  short  anter(H)0i^3- 
teriorly,  and  is  broad  in  proportion  to  its  length. 

The  Bones  of  the  Skull 

Premaxillaries. — These  bones  are  considerably  broader  thanth^J 
are  long.    The  premaxillo-maxillary  suture  on  each  side,  on  the  8uperi<^ 
siu^ace,  extends  inward  on  each  side,  about  two-thirds  of  its  length  ia    * 
direction  more  nearly  transverse  than  longitudinal,  then  turns  bacl^- 
ward  in  a  direction  more  nearly  longitudinal  than  transverse.   It** 
extreme  posterior  extensions  of  these  sutures,  on  the  superior  surface* 
terminate  at  the  level  of  the  spaces  between  the  second  and  third  DoaxiJ' 
lary  teeth.    On  the  palatal  surfacie  the  premaxillo-maxillary  suture  i^ 
very  nearly  transverse  in  direction. 

Each  premaxillary  contains  five  teeth,  which  are  rather  widdy 
spaced  from  each  other;  the  fourth  of  these  teeth  is  the  largest. 

Maxillaries. — The  maxillaries  are  short  in  proportion  to  their 
length.  They  carry  the  larger  portions  of  the  prominent  preorintal 
ridges.  The  posterior  border  of  each  maxillary ,  on  the  superior  surface,  is 
more  nearly  transverse  than  antero-posterior  in  its  inner  portion;  itsouter 
portion,  over  half  the  vertical  distance  down  from  the  orbit  to  the  dental 
border,  is  more  nearly  antero-posterior  than  transverse.  At  its  extreaoM 
posterior  end  this  border  again  curves  upward. 

Each  maxillary  contains  fourteen  teeth,  of  which  the  fourth  is  the 
largest.  All  of  the  teeth  are  weak  and  short;  posterior  to  the  fifth  they 
are  very  short.  The  spaces  between  the  teeth  are  approximately  equal, 
except  that  between  the  fifth  premaxillary  and  the  first  maxillary  on  each 
side;  the  latter  space  is  greater  than  the  rest.  The  sutures  of  the  maxil- 
laries with  the  nasals  are  short. 

Nasals. — These  bones  are  short  and  broad.  Their  broadest  por- 
tions are  immediately  anterior  to  the  anterior  ends  of  thenaso-lacrymal 
sutures.  The  naso-lacrjrmal  and  naso-prefrontal  sutures  are  approxi- 
mately equal  in  length.  The  lateral  borders  of  the  nasals  converge 
anteriorly,  from  the  anterior  ends  of  the  naso-lacrymal  sutures,  in  a 
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lal  manner  to  the  posterior  ends  of  the  premaxillo-nasal  sutures, 
interior  ends  of  the  lateral  borders  of  the  nasals,  between  the  pre- 
laries,  converge  sharply.    Posteriorly  the  two  nasals  are  wedged 

by  the  broad  blunt  process  of  the  frontal. 

liACRTMALS. — The  lacrymals  are  large,  and  their  breadth  is  greater 
their  length.  The  lacrymo-prefrontal  sutures  extend  across  the 
verse  ridge  near  the  anterior  ends  of  the  orbits.  Half  of  each  naso- 
nal  contact  is  along  an  anterior  process  of  the  lacrymal,  and  not  the 
mass  of  the  bone.  The  sutures  with  the  jugals  are  in  the  position 
ng  anterior  prolongations  of  the  infeiior  borders  of  the  orbits. 
Prefrontals. — These  bones  are  smaller  than  the  lacrymals.  Their 
es  with  the  nasals  are  approximately  equal  in  length  to  the  naso- 
nal  sutures.  The  transverse  ridge  crosses  the  prefrontals,  and  is 
iipted  medially  at  the  contact  of  the  prefrontals  and  frontal. 
<^ONTAL. — The  frontal  is  short  antero-posteriorly.    It  comprises, 

anterior  process,  the  bridge  from  the  interorbital  region  to  the 
r.  The  anterior  end  of  the  process  is  in  the  form  of  a  wedge,  which 
ates  the  posterior  ends  of  the  nasal  bones.  The  suture  with  the 
balls  in  the  form  of  a  broadly  open  V;  it  is  situated  a  considerable 
Qce  anterior  to  the  supratemporal  fenestras. 
PosTORBiTALS. — Thesc  bones  are  small  and  subrectangular  in  out- 

$QUAMOSAL8. — Thesc  bones  are  large.  Each  occupies  two-thirds  of 
eternal  border  of  the  cranial  table.  The  squamosals  appear  to  come 
ntaet  with  the  supraoccipital  at  or  near  the  posterior  border  of  the 
al  table.  The  contacts  are  not  clear  in  the  specimen  studied. 
Parietal. — The  parietal  forms  a  considerable  portion  of  the  anterior 
ill  as  the  internal  border  of  each  supratemporal  fenestra.  The  bone 
Eitively  narrow.  It  forms  no  portion  of  the  posterior  border  of  the 
al  table,  but  is  separated  from  it  by  the  broad  supraoccipital.  The 
is  deeply  pitted. 

Supraoccipital. — This  bone  occupies  a  small  triangular  area  on  the 
ee  of  the  cranial  table  as  in  other  species  of  Jacare.  On  the  posterior 
ce  it  extends  downward  from  the  superior  border  three-fourths  of 
istance  from  this  border  to  the  foramen  magnum. 
^ADRATEB. — These  bones  have  rather  broad  articular  surfaces, 
1  are  not  lower  in  position  than  the  foramen  magnum. 
SxocciPiTALS,  Basioccipital,  AND  Basisphengid. — Thcsc  bones 
ot  suflBciently  distinctive  in  form  to  require  special  description. 
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QuADRATo-JUGALs. — The  quadrato-jugals  are  small;  they  lack  the 
sharp  processes  which  characterize  the  quadrato-jugals  of  some  crocodi- 
lians,  but  they  have  irregular  borders,  with  projections  which  faintly 
suggest  these  processes.     In  this  respect  J,  laiirodris  resembles  /. 
aderops  rather  than  J,  niger;  in  the  latter  species  there  are  no  suggestions 
of  projecting  processes  on  the  quadrato-jugals. 

JuGALS. — The  contacts  of  the  jugals  with  the  laciymals  are  very 
short;  those  with  the  quadrato-jugals  are  very  irregular. 

Palatines. — The  palatines  of  this  species  are  very  short  and  broaA 

Pterygoids. — The  pterygoids  form  but  very  small  portions  of  the 
borders  of  the  palatine  fenestrsB. 

EcTOPTERYGOiDS. — These  bones  are  very  short  and  stout.  Thar 
sutures  with  the  maxillaries  extend  as  far  forward  as  the  level  of  the 
spaces  between  the  tenth  and  eleventh  maxillary  teeth. 

Mandible 

The  mandible  is  very  short  and  broad.  The  sjnnphysis  is  short, 
extending  only  slightly  farther  back  than  the  level  of  the  third  mandibu- 
lar teeth.  The  splenial  bones  extend  almost  to  the  symphysis.  The 
dentaries  are  very  shallow  vertically  in  their  anterior  portions.  The 
articular  bones  are  very  broad  and  stout. 

The  right  ramus  of  the  mandible  contains  eighteen  teeth  and  the 
left  one  nineteen,  in  the  specimen  studied.  None  of  the  teeth  are  very 
large.  Except  that  the  fourth  are  somewhat  larger  than  the  rest  the  teeth 
are  nearly  equal  in  size. 

Measurements  Mus.  Comp.  Zool.  No.  4981 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  .  128M. 

Length  of  Snout  .067 

Breadth  of  Skull,  Across  Quadrato-jugals  .079 

Breadth  of  Snout  at  Base  .062 

Breadth  of  Snout  Across  Fourth  Maxillary  Teeth  .055 

Breadth  of  Cranial  Table,  at  Posterior  End  .05l(e^'' 

Length  of  Mandible  .  156 

Remarks 
This  species  is  the  most  brachycephali?  of  the  modern  crocodiliaBS' 
The  breadth  of  the  snout  is  approximately  equal  to  its  length,  and  the 
length  of  the  snout  is  only  very  slightly  greater  than  the  distance  frotn 
the  anterior  end  of  the  orbit  to  the  supraoccipital.  The  prominence  o^ 
the  preorbital  ridges  resembles  that  of  J,  niger.  In  some  other  respectS) 
however,  the  species  is  nearer  J.  sclerops  in  form. 
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Jacare  sclerops  (Schneider) 

The  following  description  of  the  skull  of  Jacare  sderops  is  based 
ipon  a  series  of  specimens  of  varying  ages.  They  include  the  following: 
»Ius.  Comp.  Zool.  No.  5082,  Amer.  Mus.  No.  5239,  Mus.  Univ.  Mich. 
Jo.  53113,  Mus.  Univ.  Mich.  No.  53112,  Mus.  Comp.  Zool.  No.  5031, 
kjner.  Mus.  No.  15184;  Amer.  Mus.  No.  15183.  In  addition  to  these  a 
lisarticulated  skull,  Amer.  Mus.  No.  15185,  was  used  to  verify  some 
haracters. 

General  Form 

The  skull  of  Jacare  sclerops  is  broad  in  proportion  to  its  length.    It 
Ices  not  reach  the  excessive  breadth  which  characterizes  J.  latirostris, 
lowever.    The  snout  varies  from  one  and  one-sixth  to  one  and  two-fifths 
as  long  as  broad  at  the  base.   The  anterior  ends  of  the  orbits  are  situated 
nearer  the  posterior  than  the  anterior  end  of  the  skull  in  old  individuals; 
in  young  individuals  they  are  about  equally  distant  from  the  two  ends  of 
the  skull.    The  length  of  the  skull  from  the  extremities  of  the  quadrates 
to  the  anterior  ends  of  the  orbits  is  from  four-fifths  to  five-sixths  the 
length  of  the  snout  in  large  individuals.    The  snout  is  moderately  broad 
at  the  end  and  lateral  to  the  external  narial  aperture;  in  most  specimens 
it  retains  this  breadth  to  the  level  of  the  first  maxillary  teeth;  in  a  few 
it  broadens  gradually  from  its  anterior  end.    From  the  level  of  the  first 
naaxillary  teeth  to  that  of  the  fourth  the  snout  broadens  rapidly;  pos- 
terior to  this  is  a  slight  constriction,  which  is  most  noticeable  at  the  level 
of  the  spaces  between  the  fifth  and  sixth  maxillary  teeth;  from  this  point 
^k  the  skull  broadens  steadily.    The  amount  of  vertical  festooning  of 
the  inferior  borders  of  the  skull  is  slight  compared  with  that  in  the  true 
J^'ocodiles.   On  each  side  a  vertical  notch  extends  from  the  fourth  premax- 
^*wy  to  the  third  maxillary  tooth ;  this  notch  is  deepest  between  the  fifth 
l^'^niaxillary  and  the  first  maxillary  teeth,  opposite  the  pit  which  receives 
^he  fourth  mandibular  tooth.    The  third  and  fourth  maxill  ry  teeth  of 
^^h  side  are  situated  on  a  convexity  of  the  jaw;  back  of  this  is  a  shallow 
^cavation  which  reaches  its  maximum  depth  between  the  sixth  and 
•^enth  maxillary  teeth.    Posterior  to  this  excavation  is  a  slight  con- 
vexity, which  extends  back  beyond  the  dental  series.     Immediately 
below  each  infratemporal  fenestra  is  another  slight  excavation,  posterior 
to  which  the  inferior  border  of  the  skull  descends  slightly  to  the  distal 
extremity  of  the  quadrate.    None  of  the  above-mentioned  irregularities 
ID  the  vertical  contour  of  the  inferior  borders  of  the  skull  are.  very  pro- 
Dounced. 
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The  snout,  and  in  fact  the  whole  skull,  is  relatively  low  in  propo^ 
tion  to  its  breadth,  contrasting  strongly  with  Caiman  trigonaius.  The 
superior  surface  of  the  snout  is  distinctly  concave  antero-posterioriT, 
and  nearly  flat,  with  rounded  lateral  margins,  forming  a  sharp  contnfit 
with  the  angular  margins  of  the  snout  of  Caiman  trigonaius. 

The  external  narial  aperture  is  almost  surrounded,  except  at  tte 
anterior  end,  by  a  conspicuous  ridge  of  bone;  this  character  accentuates 
the  upturned  appearance  of  the  snout. 

In  most  of  the  skulls  the  first  mandibular  t^eth  pierce  the  premanl- 
laries,  and  in  some  the  excavations  are  confluent  with  the  narial  apertuie. 
The  superior  surface  of  the  skull  is  sUghtly  elevated  above  the  pits  which 
receive  the  fourth  mandibular  teeth;  in  a  few  cases  the  skuD  is  com- 
pletely pierced  at  this  point,  the  foramen  being  either  in  the  premaxilbiy 
or  on  the  premaxillo-maxillary  suture.  Over  each  of  the  fourth  maxUhiy 
teeth  is  a  swelling;  this  is  sometimes  rather  inconspicuous  in  yooog 
individuals,  but  is  prominent  in  old  ones. 

Anterior  to  the  orbits,  and  slightly  internal  to  the  median  lisesof 
the  separate  orbits,  is  a  pair  of  slightly  elevated  ridges  which  extendi 
short  distance  forward  on  the  snout.  Posteriorly  each  ridge  curves  ia- 
ward  and  meets  the  other,  forming  an  inverted  U.  At  the  j  uncture  of  tlie 
two  sides  of  the  U  a  low,  more  or  less  indistinct  ridge  extends  forwaii 
The  snout  is  distinctly  separated  from  the  interorbital  region  by  thebtfe 
of  the  U.  The  snout  is  distinctly  lower  in  level  than  the  interorbital 
region,  the  latter  merging  into  the  U  so  far  as  level  is  concerned.  Ihe 
interorbital  region  is  deeply  concave,  the  inner  borders  of  the  orbits beinl 
elevated  into  ridges  which  unite  with  the  base  of  the  U,  and  are  continO' 
ous  with  the  arms  of  the  U. 

The  cranial  table  is  relatively  large,  and  is  subquadrangubr  is 
outline;  it  is  broader  than  long,  and  is  relatively  flat,  although  in  sooK 
individuals  it  is  very  slightly  convex  laterally.  It  is  relatively  low  Ib 
position,  contrasting  in  this  respect  with  Caimmi  trigonaius.  The  spitt 
between  the  two  supratemporal  fenestrae  is  relatively  broad,  being  con- 
siderably broader  than  the  space  between  the  orbits. 

The  Cavities  of  the  Skull 

Supratemporal    Fenestr^e. — The    supratemporal    fenestrs  are 
relatively  small  in  most  of  the  individuals  studied,  and  in  one  old  one 
they  are  absent  altogether  at  the  surface,  having  been  roofed  over  by  the 
surrounding  bones.    In  general  they  are  larger  in  the  younger  individuak 
and  smaller  in  the  older  ones,  but  there  are  slight  variations  from  tUs 
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rule.     In  form  these  fenestrae  are  irregularly  oval,  and  their 
greatest  length  diverge  anteriorly  away  from  the  median  Une  of 
lU. 

le  very  small  size,  and  in  one  case  the  complete  obliteration,  at  the 
,  of  these  cavities  suggests  that  the  species  is  undergoing  the  pro- 
their  elimination.  In  this  particular  character  J,  sderops  appears 
lore  progressive  than  J.  niger.  The  process  of  elimination  of  the 
Be  has  not  been  accelerated  to  the  same  extent  as  in  Caiman 
lu8,  however. 

FRATEMPORAL  Fenbstr^. — These  openings  are  small;  in  form 
'  them  resembles  a  trianguloid  figure  with  nearly  equal  straight 
id  a  curved  base. 

LBIT8. — The  orbits  are  notably  large  in  size,  but  not  to  the  extreme 
of  J,  niger.  In  length  each  orbit  varies  from  about  one-fourth  of 
U  length  of  the  skull  in  very  young  individuals  to  about  one-sixth 
•  ones,  the  average  being  about  one-fifth.  The  superior  boundary 
orbit  is  nearly  semicircular;  the  inferior  border  is  a  gentle  curve. 
8  a  suggestion  of  an  anterior  point  in  each  orbit,  but  it  is  not  very 
need. 

:ternal  Narial  Aperture. — This  opening  is  relatively  large;  it 
suggestion  of  a  median  partition,  although  the  nasal  bones  enter 
3  posterior  end  in  a  short  process.  It  is  rather  characteristic  in 
.  Its  straight  lateral  boundaries  converge  slightly  toward  each 
1  the  posterior  direction.  Anteriorly  the  cavity  is  bounded  by  a 
border,  which  in  old  individuals  is  sometimes  irregularly  trans- 
Posteriorly  it  is  bounded  by  the  small  triangular  extension  of  the 
and  a  small  notch  on  either  side  of  that  process.  The  anterior 
pierced,  in  some  specimens,  by  the  first  mandibular  teeth.  In 
skulls  the  aperture  is  slightly  longer  than  broad;  in  old  ones  it  is 
-  than  long. 

£MAXiLLARY  FoRAMEN. — This  cavity  is  relatively  large  in  young 
uals  and  small  in  old  ones.  It  is  very  narrow  in  proportion  to  its 
it  is  acutely  pointed  anteriorly,  and  broadly  rounded  posteriorly. 
B  individuals,  especially  old  ones,  there  is  a  sUght  median  projec- 
>ending  forward  into  the  cavity  at  the  posterior  end. 
LATINE  FENESTRiE. — The  palatine  fenestrse  are  simple  in  form  and 
ily  large  in  size;  they  are  one-fifth  as  long  as  the  whole  skull, 
e  tip  of  the  snout  to  the  extremity  of  the  condyle.  Their  internal 
are  rather  gentle  and  symmetrical  curves,  mostly  on  the  edges  of 
itine  bones,  but  partly  on  the  maxillaries  as  well.    The  anterior 
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ends  are  more  or  less  symmetrically  rounded;  the  posterior  ends  are 
usually  pointed,  but  not  sharply  so;  the  posterior  terminations  are 
internal  to  the  median  lines  of  the  fenestra.  A  small  portion  of  the  pos- 
terior border  of  each  fenestra  is  bounded  by  the  pterygoid  bone;  in 
some  individuals,  especially  old  ones,  the  pterygoid  border  of  the  fenes- 
tra is  exceedingly  small.  The  external  border  is  sharply  bent;  ibb 
anterior  portion  of  it,  which  is  composed  of  edges  of  the  maxillar^  and 
ectopterygoid  bones,  comprises  from  two-thirds  to  four-fifths  of  the 
length  of  each  fenestra;  this  anterior  portion  lies  parallel  to  the  external 
wall  of  the  skull.  The  posterior  portion  of  the  external  wall  of 
each  fenestra  is  composed  of  an  edge  of  the  ectopterygoid.  This 
border  is  oblique  in  position,  sometimes  being  more  strictly  posterior 
than  external. 

Internal  Narial  Aperture. — The  internal  narial  opening, 
situated  near  the  posterior  ends  of  the  pterygoids  at  their  median  line, 
is  broader  than  long.  It  is  divided  by  a  median  partition,  which  usually 
does  not  reach  the  surface  of  the  palate.  A  pair  of  projections  of  the 
pterygoids  form  the  posterior  boundary  of  the  cavity,  and  in  some  cases 
partially  roof  it  over. 


The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillaries  are  broader  than  long  in 
both  young  and  old  individuals.  In  some  skulls  the  two  premaxillaries 
are  separated  behind  the  narial  aperture  by  the  nasal  bones;  in  other 
skulls,  especially  the  older  ones,  the  premaxillaries  roof  over  the  anterior 
ends  of  the  nasals,  and  exclude  them  from  the  aperture.  Anterior  to  the 
aperture  the  premaxillaries  are  pierced  by  the  first  mandibular  teeth  in 
some  cases,  and  in  others  they  are  not.  There  is  no  apparent  sjrstem  to 
this  piercing;  it  is  present  or  absent  in  old  individuals  and  young,  laiige 
and  small,  narrow  and  broad,  in  about  equal  numbers. 

The  premaxillo-maxillary  suture  is  more  nearly  transverse  than 
longitudinal  on  the  superior  aspect  of  the  skull.  The  posterior  processes 
of  the  premaxillaries  are  broad;  they  do  not  extend  back  as  long  wedges 
between  the  nasals  and  the  maxillarie^  as  in  some  crocodiles.  The  pos- 
terior extremities  of  these  processes  is  never  farther  back  than  the  levd 
of  the  third  maxillary  teeth.  In  most  cases  they  are  only  slightly  pos- 
terior to  the  level  of  the  second  maxillary  teeth,  and  in  one  specimen 
Mus.  Comp.  Zool.  No.  5031)  they  are  anterior  to  the  level  of  the  second 
maxillary  teeeth. 
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Mus.  Comp.  Zool.  No.  5031 

.  12.     Skull  and  jawi  of  Jacare  aderopa  (Schneider).    Mus.  Comp.  Zool.  No.  5031,  one-third 
turml  tUmt.    A,  raperior  view  of  akuil;  B,  lateral  view  of  skull,  left  side;  C,  lateral  view  of  mandible t 
l«fft  md»;  D,  siiperior  riew  of  mandible;  B,  inferior  view  of  skull. 
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On  the  palatal  surface  of  the  skull  the  suture  between  the  premaiil- 
laries  and  the  maxillaries  usually  curves  outward  and  backward  on  each 
side  from  the  median  line,  and  then  curves  forward  and  outward  to  die 
center  of  the  pit  which  receives  the  fourth  mandibular  tooth.    In  some 
cases  the  loops  formed  by  the  backward  curves  are  very  slight,  the  suture 
being  nearly  transverse;  in  most  of  the  skulls  studied  they  extend  back 
as  far  as  the  middle  of  the  spaces  between  the  first  and  second  maxiUaiy 
teeth;  in  one  old  skull  they  extend  back  as  far  as  the  level  of  the  centens 
of  the  second  maxillary  teeth. 

The  first  premaxillary  teeth  are  small  and  are  very  close  together. 
The  second  teeth  are  rather  widely  spaced  from  the  first;  they  are  small 
in  size;  one  skull  (Amer.  Mus.  No.  15184)  has  a  distinct  right  second  pre- 
maxillary  tooth,  but  no  left  one  or  alveolus  for  one.  The  large  pits 
which  receive  the  first  mandibular  teeth  are  situated  between  the  fiis^ 
and  second  premaxillary  teeth,  but  internal  to  them  rather  than  in  fin^ 
with  them.  The  second  and  third  teeth  are  close  t(^ether.  The  third 
and  foiuth,  and  the  fourth  and  fifth  are  about  equally  spaced,  \xing 
closer  together  than  the  first  and  second,  and  farther  apart  than  th^ 
second  and  third.  The  fourth  tooth  is  the  largest  in  each  premaxil1ftnr> 
and  the  third  is  second  in  size;  the  fifth  is  slightly  larger  than  the  first- 
This  order  of  size  is  not  always  apparent,  as  the  size  of  the  particuhLT 
teeth  is  determined  partly  by  their  individual  age;  the  size  of  the  alveoli^ 
however,  is  a  true  guide  to  the  maximum  sizes.  AU  of  the  premaxillaiy 
teeth  arc  sharp-pointed  and  relatively  slender;  they  are  slightly  curved, 
and  are  somewhat  flattened.    The  crowns  are  faintly  striated. 

Maxillaries. — The  maxillaries  are  relatively  broad  on  the  superior 
surface  of  the  skull,  occupying  about  three-fourths  of  the  total  width  (rf 
this  surface.    In  this  character  J.  sderops  contrasts  rather  sharply  with 
Caiman  trigonatus.    Their  length  is  about  one-half  the  total  length  of  the 
skull.    The  premaxillo-maxillary  suture  has  been  described  above.  Tb^ 
maxillo-nasal  suture  is  very  short  in  proportion  to  the  total  length  of  the 
maxillary  bones.    The  maxillo-lacrymal  suture,  on  each  side,  is  irregular 
in  form,  but  its  form  is  uniform  among  all  of  the  skulls  examined.  It 
extends  a  short  distance  backward  and  very  sUghtly  outward  from  the 
posterior  end  of  the  maxillo-nasal  suture,  then  extends  oblique^  out- 
ward, downward,  and  backward  to  the  point  of  contact  of  the  maxiOaiy, 
lacrymal,  and  jugal  bonc«;  this  point  lies  over  the  tenth  maxillary  tooth. 

The  suture  of  each  maxillary  with  the  corresponding  jugal  varies 
somewhat  in  fonn.  In  some  cases  its  upper  portion  is  more  nearly  trans- 
verse than  the  postero-external  portion  of  the  maxillo-lacrymal  suture, 
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others  it  is  in  a  direct  line  with  the  latter.  Its  lower  portion  termi- 
)n  the  inferior  border  of  the  skull,  only  very  slightly  anterior  to  the 
Lor  end  of  the  palatine  fenestra  on  the  palate, 
he  longitudinal  extent  of  the  maxillaries  along  the  median  line, 
3n  the  premaxillary  and  palatine  bones,  is  very  slight.  Nearly 
Jf  of  the  external  border,  and  in  some  specimens  a  considerable 
n  of  the  internal  border  of  each  palatine  fenestra  is  composed  of  the 
ary  bone.  The  maxillo-palatine  suture  is  shghtly  variable  in  form, 
ver  departs  far  from  the  typical  Jacare  outUne.  It  usually  extends 
tird  and  inward  from  a  point  near  the  anterior  end  of  the  internal 

*  of  the  palatine  fenestra,  then  extends  forward,  and  usually  out- 
to  a  point  opposite  or  shghtly  anterior  to  the  end  of  the  fenestra, 
curves  gradually  inward  and  meets  the  median  Une  nearly  at  a 
ingle;  from  this  point  it  extends  in  a  symmetrical  direction  on  the 
te  side.  The  union  with  the  opposite  suture  Ues  opposite  the 
h  maxillary  teeth,  or  very  shghtly  anterior  to  this  level.    The 

will  be  discussed  further  in  the  description  of  the  palatine  bones. 
he  maxillo-ectopterygoid  suture,  on  each  side,  extends  as  far  for- 
ts the  eleventh  or  twelfth  maxillary  tooth. 

he  maxillary  teeth  increase  regularly  in  size  from  the  first,  which 
ry  small,  to  the  foiuth,  which  are  the  largest  teeth  in  the  superior 
Posterior  to  the  fourth  the  maxillary  teeth  are  all  small.  In 
he  first  six  or  possibly  seven  maxillary  teeth  resemble  the  premaxil- 
seth.  The  eighth,  and  in  some  cases  the  seventh,  maxillary  teeth 
fls  acutely  pointed.  Posterior  to  the  eighth  all  of  the  maxillary 
have  small,  blunt,  and  more  or  less  elongate  crowns,  which  are 
adapted  for  chewing  than  for  holding  or  piercing  prey.  All  of  the 
Isjy  teeth  except  the  sixth  and  seventh,  and  the  seventh  and  eighth, 
)8e  together;  between  these  teeth  are  relatively  broad  spaces. 
Tasals. — The  nasal  bones  are  characteristic,  yet  variable,  in  form, 
usually  enter  the  external  narial  aperture,  but  are  excluded  from  it 
e  premaxillaries  in  some  cases.  They  expand  rapidly  in  breadth 
their  anterior  ends  back  to  the  points  where  they  are  met  by  the 
ixillo-maxillary  sutures;  from  these  points  they  expand  gradually 
back  as  the  points  at  which  the  maxillo-lacrymal  sutures  join  the 
lo-nasal  sutures.  From  there  back  they  contract  rapidly,  and  have 
'  narrow  contact  with  the  frontal ;  the  latter  does  not  enter  between 
70  nasal  bones  in  a  long  wedge,  as  in  many  crocodiles.  The  con- 
with  the  lacrymals  are  relatively  long;   in  some  skulls  they  are 

•  than  the  naso-prefrontal  sutures,  and  in  others  they  are  shorter. 
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Lacrymals. — The  lacrymal  bones  are  relatively  large  in  sue,  bein^ 
considerably  larger  than  the  prefrontals.    Elach  lacrymal  forms  the  entire 
anterior  boundary  of  the  orbit,  and  a  considerable  portion  of  the  inferior 
boundary  as  well.    The  contacts  with  the  maxillaries  and  nasals  hai 
been  described  above.    The  suture  of  each  lacrymal  with  the  prefnmt 
extends  directly,  or  slightly  obliquely,  backward  from  the  nasal  as 
as  the  rounded  junction  of  the  base  and  side  of  the  Unshaped  ridge 
scribed  above,  then  it  usually  curves  almost  directly  outward  to 
superior  border  of  the  orbit.    In  one  young  skull  (Amer.  Mus.  No.  523^   1 
the  lacrymo-prefrontal  sutures  are  nearly  antero-posterior  througfaoiL.    t 
their  entire  lengths.    The  sutures  with  the  jugals  are  long  and  rathe=^^:T 
symmetrically  curved,  the  convexity  of  the  curves  facing  downi 
The  lacrymals  carry  the  lateral  arms  of  the  U-shaped  ridge. 

Prefrontals. — These  bones  are  relatively  small.    Their  most  coi 
spicuous  feature  is  their  common  possession  of  the  base  of  the  U-shape««^ 
ridge.    Their  contacts  with  the  nasals  and  lacrymals  have  been  describe^d 
above.    The  sutures  with  the  frontal  are  short;  they  are  also  somewb^-^ 
variable  in  form. 

Supraorbitals. — The  supraorbital  bones,  or  bony  supports  of  tl»>^ 
eyelids,  are  small,  occupying  only  small  portions  of  the  orbits  or  of  themJ 
borders. 

Frontal. — The  single  frontal  bone  is  not  especially  characteristic 
in  form.    Its  suture  with  the  parietal  is  situated  considerably  anterior 
the  supratemporal  fenestrse;  in  some  skulls  it  is  almost  transverse,  and; 
others  it  is  V-shaped.    The  supraorbital  edges  of  the  frontal  are  pronti- 
nently  uprolled. 

Postorbitals. — These  bones  are  not  especially  characteristic  ifl 
the  typical  skulls.    In  the  large  skull  in  which  the  supratemporal  fene»-        . 
tra?  are  closed  the  postorbital  bones  arc  nearly  rectangular  in  outHnc. 

Squamosals. — The  squamosal  bones  are  rectangular  in  fonn  Bke 
the  postorbitals.  They  are  charact<>ristic  in  that  each  has  a  considerable 
contact  with  the  supraoccipital,  excluding  the  parietal  from  the  posterior 
border  of  the  skull ;  the  squamoso-supraoccipital  sutures  are  long,  as  in 
J.  niger;  in  this  thoy  differ  slightly  from  those  of  /.  latirostris. 

Parietal. — The  parietal  is  relatively  large,  owing  to  the  small  M 
of  the  supratemporal  fenestrse.    Its  suture  with  the  supraoccipital  is  as 
long  as  either  of  its  sutures  with  the  squamosals.    This  parieto-supra- 
occipital  suture  is  V-shaped  in  young  individuals  and  transverse  in  old 
ones. 
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JuPRAOCCiPiTAL. — This  bonc  is  large.  It  occupies  about  one-fourth 
3  posterior  border  of  the  cranial  table,  also  a  considerable  area  of  the 
ce  of  the  table.  Its  posterior  surface  extends  down  nearly  three- 
hs  of  the  distance  from  the  superior  border  to  the  foramen  magnum, 
posterior  surface  is  distinctly  triangular  in  outline. 
Quadrates. — The  quadrates  are  distinctive  only  because  of  the 
ilarities  of  their  borders. 

ExocciPiTALS,  Basioccipital,  and  Basisphenoid. — These  bones 
3t  sufficiently  characteristic  to  require  special  description. 
JuADRATO-jxjGALS. — The  quadrato-jugals  have  very  irregular 
*t8  with  the  quadrates.  Their  posterior  portions  are  short  and 
I.  Their  anterior  processes  have  suggestions  of  the  sharp  processes 
I  are  well  developed  in  the  true  crocodiles. 

fuGALS. — The  anterior  processes  of  the  jugals  are  very  much  greater 
jir  vertical  diameters  than  the  posterior  bars.  The  extent  of  this 
ence  is  their  only  noteworthy  characteristic. 
Palatines. — The  palatine  bones  are  characteristic  in  outUne. 
•  broad  anterior  portions,  which  extend  forward  as  far  as  the  sixth 
\renth  maxillary  teeth,  usually  expand  in  breadth  anterior  to  the 
of  the  anterior  ends  of  the  palatine  fenestra.  The  lateral  expansion 
e  posterior  ends  of  the  palatines  is  sUght  in  young  individuals,  but 
ich  greater  in  old  ones. 

rhe  8Utiu*e  between  the  palatines  and  the  pterygoids  is  situated 
ior  to  the  posterior  ends  of  the  palatine  fenestra  in  young  skulls, 
farther  back,  often  behind  the  fenestra,  in  older  ones.  This  suture 
ually  transverse  in  direction,  with  short  antero-posterior  external 
;  in  one  old  skull  (Amer.  Mus.  No.  15183)  the  suture  is  more  com- 
in  outline.  In  this  skull  it  extends  a  very  short  distance  directly 
from  the  posterior  end  of  each  fenestra,  then  a  short  distance  in- 
toward  the  median  line,  then  turns  and  extends  obliquely  forward 
nward  a  considerably  greater  distance  to  the  median  line.  The  two 
ine  bones  together,  in  this  skull,  are  shaped  Uke  a  Y,  with  the  very 
1  base  directed  forward,  and  the  short  arms  directed  backward. 
Pterygoids. — The  pterygoid  bones  are  relatively  broad  in  propor- 
to  their  length.  In  young  individuals  they  occupy  appreciable 
3I1S  of  the  posterior  borders  of  the  palatine  fenestra,  but  in  old  ones 
are  almost  excluded  from  the  borders  of  these  openings.  The  pos- 
^xternal  corners  do  not  project  far  behind  the  level  of  the  posterior 
»f  the  median  line,  and  the  posterior  portions  make  a  broad  open 
with  each  other  vertically. 
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EcTOPTERYGOiDS. — Thesc  bones  are  rather  short  antero-poBteriorly; 
they  extend  as  far  forward  as  the  eleventh  maxillary  teeth. 


The  Mandible 

The  mandible  is  short  and  stout  in  appearance.  The  symphysis 
extends  back  only  to  the  level  of  the  fourth  mandibular  teeth,  or  veiy 
slightly  farther  back  in  a  few  cases.  In  some  specimens  the  splenial 
bones  extend  forward  to  the  symphysis,  but  do  not  take  part  in  the 
median  symphysial  suture;  in  other  specimens  the  splenials  end  a  con- 
siderable distance  back  of  the  symphysis.  The  splenial  bones  themselves 
are  stout;  they  comprise  the  inner  alveolar  walls  of  the  last  six  mandibu- 
lar teeth  on  each  side.  The  articular  suriTaces  of  the  articular  bones  are 
separated  into  anterior  portions  by  oblique  ridges;  the  posterior  processes 
extend  directly  backward.  The  external  mandibular  foranoina  are  large; 
the  internal  ones  are  of  moderate  size.  The  very  small  foramina  which 
are  present  on  the  surfaces  of  the  mandibles,  between  the  splenial  and 
coronoid  bones,  in  most  crocodiUans,  are  absent  in  this  species.  The  jaw 
is  considerably  festooned,  especially  in  the  older  individuals. 

Each  ramus  contains  from  eighteen  to  twenty  teeth.  Of  these  the 
fourth  is  the  largest,  as  usual,  and  the  first  next  in  size.  The  eleventh 
and  twelfth  are  only  sUghtly  smaller  than  the  first.  The  fifth  to  tenth 
mandibular  teeth,  inclusive,  are  very  small.  The  second  and  third  are 
of  medium  size.  All  of  the  t^eth  posterior  to  the  twelfth  are  small 
The  anterior  teeth  are  sharp,  and  the  posterior  ones  are  blunt;  the 
division  line  between  blunt  and  sharp  teeth  is  not  sharply  marked,  but 
it  is  in  the  vicinity  of  the  twelfth  or  thirteenth  teeth.  The  spacing  of  the 
teeth  varies  considerably  among  the  various  sp)ecimens  studied.  The 
anterior  three  or  four  are  usually  far  apart,  and  the  posterior  ones  are 
close  together.  The  teeth  in  the  middle  of  the  series  are  sometimes  ckec 
together  and  sometimes  widely  spaced.  This  spacing  also  varies  on 
opposite  sides  of  the  same  specimen.  Two  of  the  specimens  show  a  re- 
markable grouping  of  several  of  the  teeth.  In  these  specimens  the 
seventh  and  eighth  teeth  are  situated  very  close  together,  and  are  also 
incUned  toward  each  other;  they  therefore  act  as  a  single  tooth;  the 
same  is  true  of  the  ninth  and  tenth.  This  condition  is  more  pronounced 
in  the  larger  of  the  two  specimens  (Mus.  Univ.  Mich.  No.  53112)  than 
in  the  smaller  one  (Mus.  Univ.  Mich.  No.  53113).  This  curious  character 
is  present  only  in  the  two  specimens  noted.  Both  of  these  specimens 
came  from  the  same  locality,  and  it  is  very  probable  that  this  grouping 
of  the  teeth  is  to  be  interpreted  as  a  form  of  geographic  variation. 
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Caiman  Spix 

Generic  Characters 

The  skull  of  this  genus  is  without  transverse  ridges;  it  is  moderatelj 
long,  and  is  subacuminate  in  outline.    The  skull  is  sharply  angulated 
anterior  to  each  orbit;   the  snout  thus  consists  of  three  more  or  less 
distinct  planes.    The  supratemporal  fenestrae  are  obliterated,  even  in 
young  individuals.    The  external  narial  aperture  is  undivided.    The  pre- 
maxillary  foramen  is  approximately  equal  in  length  and  breadth  in  C. 
trigonaiuSy  differing  from  all  the  species  of  Jacare;  probably  C.  pdpe- 
brosus  resembles  C.  trigonaius  in  this  respect.    The  fourth  mandibular 
teeth  bite  into  pits  in  the  upper  jaw,  and  all  of  the  mandibular  teeth  bite 
inside  the  Une  of  the  upper  teeth.     Each  premaxillary  contains  four 
teeth,  and  each  maxillary  fifteen  or  sixteen ;  the  third  and  fourth  maxfl- 
lary  teeth  are  the  largest.    Each  ramus  of  the  mandible  contains  from 
twenty  to  twenty-two  teeth.    The  upper  eye-Uds*are  entirely  bony.  A      ' 
number  of  characters  through  which  C.  trigonaius  differs  considerably 
from  the  species  of  Jacare^  but  which  have  not  been  verified  on  C.  pd'p^ 
brosus  J  include  the  following:  parietal  bones  forming  considerable  por- 
tions of  the  posterior  border  of  the  cranial  table,  the  supraoccipital  being 
very  narrow  on  its  superior  surface;  vertical  height  of  the  cranial  region 
considerable;  anterior  processes  of  the  palatines  considered  together  as 
one  process  rectangular  in  outUne;    very  large  external  mandibular 
foramen;    probably  these  will  apply  to  C  palpehrosuSy  but  they  nee^ 
verification  in  that  species.    The  quadrato-jugals  lack  the  anterior  pro^ 
cesses  which  are  characteristic  of  Gavialis,  Tomistoma,  and  Crocodilus. 

Caiman  trigonatus  (Schneider) 

The  description  of  the  skull  of  Caiman  trigonaius  is  based  upon  ^^ 
single  young  specimen  (Mus.  Univ.  Mich.  No.  46113). 

General  Form 

The  general  form  of  the  skull  is  in  close  accordance  with  the  specific^ 
name  trigonaius.    The  whole  skull,  from  the  ends  of  the  quadrates  to  the^' 
tip  of  the  snout,  when  viewed  from  above,  is  seen  to  be  triangidar  in  out^ 
Une.    The  snout  is  long,  being  about  one  and  nine-elevenths  times  a^ 
long  as  broad  at  the  base,  and  is  rather  acute  at  its  anterior  end.    Thep- 
lateral  borders  are  very  nearly  straight  when  viewed  from  above,  therer 
being  little  in  the  way  of  lateral  constriction;   the  amount  of  vertical 
festooning  is  also  slight. 
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The  cranial  table  is  broad  and  flat;  it  is  considerably  elevated  verti- 
cally ;  the  height  of  the  skull  from  the  extremities  of  the  pterygoids  to  the 
cranial  table  is  about  two-thirds  of  the  breadth  across  the  quadrato- 
jugals.  The  cranial  table  itself  is  large,  measuring  about  five  centimeters 
laterally,  and  three  and  six-tenths  centimeters  longitudinally  along  the 
external  border.  In  shape  it  is  nearly  rectangular.  Anterior  to  the  orbits 
the  superior  longitudinal  profile  of  the  snout  is  concave;  the  base  of  the 
snout  is  elevated.  The  transverse  profile  of  the  snout  is  unusual  in  the 
modem  Crocodilia.  The  central  half  of  the  snout  is  flat,  except  for  a 
filight  median  depression.  In  front  of  each  orbit  is  a  pronounced  ridge, 
which  separates  the  central  flat  portion  from  a  very  highly  inclined  lateral 
Dortion.  Immediately  below  the  ridge  this  lateral  slope  is  nearly  vertical, 
but  at  a  lower  level  it  becomes  less  highly  inclined;  near  the  inferior 
border  it  again  becomes  nearly  vertical.  The  profile  of  the  side  of  the 
snout,  below  the  ridge  which  separates  the  side  from  the  superior  sur- 
face, is  therefore  concave  above  and  convex  below.  These  distinct  planes 
on  the  sides  of  the  snout  become  less  pronounced  farther  forward.  A 
prominent  elevation  is  situated  above  each  fourth  maxillary  tooth. 
Slightly  posterior  to  the  premaxillo-maxillary  sutures,  but  more  obUque 
in  position  than  these,  is  a  pair  of  short  low  ridges.  The  sides  of  the 
Dfirial  aperture  are  elevated,  but  the  anterior  and  posterior  ends  are  low. 

The  Cavities  of  the  Skull 

SuPRATEMPORAL  FENESTRiE. — The  supratemporal  fenestrse  are 
*l>sent  on  the  surface  of  the  cranial  table,  having  become  secondarily 
^'osed.  They  are  present  in  a  vestigial  condition  in  the  form  of  a  pair  of 
^^bular  excavations  extending  back  from  the  orbits  over  the  external 
^^ditory  meati. 

Infratemporal  FENESXRiE. — These  cavities  are  moderate  in  size. 
They  are  triangular  in  outline,  with  the  anterior  borders  nearly  vertical, 
^be  inferior  borders  horizontal,  and  the  postero-superior  borders  oblique 
^li  position. 

Orbits. — The  orbits  are  large,  and  are  not  bordered  superiorly  by 

upturned  edges.    The  length  of  each  orbit  is  about  one-fifth  of  the  total 

fength  of  the  skull.    The  superior  border  of  each  orbit  is  semicircular  in 

outline,  and  the  inferior  border  is  nearly  straight.   The  anterior  end  is  not 

ruminate  as  in  many  crocodilians. 

External  Narial  Aperture. — This  cavity  is  large.  The  posterior 
two-thirds  of  the  lateral  borders  converge  in  the  posterior  direction; 
^e  anterior  thirds  converge  more  sharply  in  the  anterior  direction, 
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joining  the  nearly  transverse  anterior  border  not  far  from  the  medi*' 
line.  The  small  foramina  which  receive  the  first  mandibular  teeth  eoU 
the  narial  aperture. 

Premaxillary  Foramen. — This  opening  is  small;  it  contraetoiri' 
the  corresponding  foramen  in  Harare,  in  having  it«  breadth  as  great  as' 
length.     It  is  pointed  anteriorly,  but  not  sharply  so.     Later^y  it 
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ided;  its  greatest  breadth  is  nearer  the  posterior  than  the  anterior 
The  posterior  border  is  largely  occupied  by  a  broad  shallow  notch. 
Palatine  Fenestras. — The  palatine  fenestrae  are  large.  They  are 
it  one  and  one-third  times  as  long  as  in  a  skull  of  Jacare  sderops  of 
same  size.  In  outUne  the  fenestrse  are  somewhat  irregular;  the  inter- 
stral  plate  is  relatively  narrow.  The  anterior  ends  are  broadly 
ided,  and  the  posterior  ends  are  sUghtly  pointed. 
Internal  Nabial  Aperture. — This  cavity  is  triangular  in  out- 
with  the  base  of  the  triangle  at  the  anterior  end.  The  lateral  bor- 
f  which  converge  backward,  are  elevated  into  distinct  ridges,  which 
nd  back  over  the  posterior  surface  of  the  skull.  The  aperture  is 
led  by  a  median  vertical  septum  into  right  and  left  portions. 

The  Bones  of  the  Skull 

Premaxillaries. — The  premaxillary  bones  are  relatively  long  and 
ow,  and  are  irregular  in  outline.  On  the  superior  surface  of  the 
I  the  premaxillo-maxillary  sutiu*e  on  each  side  extends  obliquely  up- 
1  and  backward  from  the  inferior  border  to  a  point  a  little 
nor  to  the  level  of  the  second  maxillary  tooth,  then  extends 
7tly  backward  and  joins  the  premaxillo-nasal  suture  at  the  level  of 
center  of  the  space  between  the  second  and  third  maxillary  teeth, 
two  premaxillaries  are  rather  widely  separated  by  the  nasals,  pos- 
»r  to  the  narial  aperture.  The  premaxillo-nasal  sutures  diverge 
ply  in  the  posterior  direction. 

On  the  palatal  surface  of  the  skull  the  premaxillo-maxillary  suture  is 
ly  transverse,  but  it  sags  slightly  backward  in  a  gentle  curve,  which 
bes  the  level  of  the  first  maxillary  teeth. 

There  are  but  four  teeth  in  each  premaxillary.  The  first  of  these  is 
II,  and  is  situated  close  to  the  median  line.  The  first  tooth,  on  each 
is  separated  from  the  second  by  a  considerable  space;  the  length  of 
space  is  equal  to  the  height  of  the  second  tooth.  The  space  is  largely 
pied  by  the  deep  pit  which  receives  the  large  first  mandibular  tooth; 
pit  18  almost  directly  in  line  with  the  premaxillary  teeth,  and  not 
nal  to  them.  The  second  premaxillary  tooth  is  considerably  larger 
the  first;  it  is  rather  widely  spaced  from  the  third,  but  is  not  as  far 
1  the  third  as  from  the  first.  The  small  pit  which  receives  the  second 
dibular  tooth  is  situated  in  the  space  between  the  second  and  third 
laxillary  teeth.  The  third  tooth  is  the  largest  in  the  premaxillary; 
homologous  with  the  fourth  premaxillary  tooth  of  those  species 
h  have  five  teeth  in  each  premaxillary  bone.    The  third  is  separated 
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by  a  considerable  space  from  the  small  fourth  premaxillary  tooth;  this 
space  is  occupied  by  a  pit  which  receives  the  third  mandibular  tooth. 
The  fourth  premaxillary  tooth,  on  each  side,  is  about  equal  to  the  first  in 
size.    Internal  to  the  deep  pits  along  the  premaxillo-maxillary  suture, 
which  lodge  the  fourth  mandibular  teeth,  is  a  pair  of  small,  but  veiy 
distinct  and  deep  foramina.    In  the  fact  that  the  pits  in  the  premaxil- 
laries  which  receive  the  mandibular  teeth  are  practically  in  line  with  the 
teeth  themselves,  this  species  differs  considerably  from  the  various 
species  of  Jacare,  Crocodilus,  and  Alligator. 

Maxillaries. — Each  maxillary  bone  exhibits  a  greater  height  than 
breadth.  In  this  Caiman  trigonaius  differs  from  all  other  species  except 
perhaps  C,  palpehrosus.  The  prominent  ridge  in  front  of  each  orbit  is 
carried  largely  on  the  maxUlary  bone.  The  sutural  connection  with  the 
premaxillary  has  been  described  in  the  discussion  of  that  bone.  The 
maxillo-nasal  sutures  are  practically  straight;  they  extend  back  from  the 
posterior  ends  of  the  premaxillo-nasal  sutures,  and  diverge  slightly  as  far  as 
the  junctions  of  the  maxillary,  nasal,  and  lacrymal  bones.  The  suture  of 
each  maxillary  with  the  lacrymal  on  the  same  side  of  the  skull  extends 
downward  and  forward  a  very  short  distance  from  its  origin  at  the  poe- 
terior  end  of  the  maxillo-nasal  suture,  then  turns  abruptly  downward 
and  backward  to  the  point  where  it  is  joined  by  the  lacr3m[io-jugal  suture; 
from  this  point  the  maxillo-jugal  sutiu^  extends  downward  to  a  point 
very  near  the  inferior  border  of  the  skull,  over  the  thirteenth  maxillary 
tooth,  then  extends  almost  directly  backward  and  joins  the  inferior 
border  a  short  distance  posterior  to  the  last  maxillary  tooth. 

On  the  palatal  surface  of  the  skull  the  maxillaries  occupy  a  consider 
able  area.  The  maxillo-palatine  suture  is  very  irregular;  it  differ^ 
decidedly  from  the  same  suture  in  the  species  of  Jacare.  From  a  point 
very  near  the  anterior  end  of  the  palatine  fenestra,  opposite  the  postenor 
border  of  the  ninth  maxillary  tooth,  each  maxillo-palatine  suture  extends 
backward  and  inward  to  a  point  opposite  the  eleventh  maxillary  tooth, 
then  turns  forward  and  extends  directly,  but  irregularly,  to  the  level  of 
the  anterior  edges  of  the  eighth  maxillary  teeth,  then  turns  at  a  right 
angle  and  extends  directly,  but  irregularly  in  the  transverse  direction  to 
the  median  line,  meeting  the  similar  suture  from  the  opposite  side. 
The  suture  of  each  maxillary  with  the  corresponding  ectopterygoid  ex- 
tends from  the  space  between  the  twelfth  and  thirteenth  maxillary  teewi 
to  the  level  of  the  palato-pterygoid  suture. 

Each  maxillary  in  the  specimen  studied  contains  fourteen  teeth 
and  an  alveolar  space  for  one  more.    Boulenger  states  that  there  ^ 
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nineteen  or  twenty  superior  teeth  in  this  species,  consequently  some 

individuals  must  have  sixteen  in  each  maxillary.    The  maxillary  teeth 

increase  in  size  from  the  first  to  the  fourth;  the  fourth  maxillary  teeth 

are  the  largest  of  the  superior  series.    Posterior   to  the  fourth  the 

nuudllary  teeth  are  all  small.     The  anterior  maxillary  teeth  are  long 

and  slender,  and  the  posterior  ones  are  short-crowned;  none  of  the 

teeth  are  blunt,  however.  The  anterior  six  or  seven  teeth  in  each  maxillary 

are  spaced  rather  widely,  and  not  far  from  equally  apart.     Posterior  to 

the  eighth  they  are  close  together.    Between  the  fifth  and  sixth  and  the 

sixth  and  seventh,  but  somewhat  internal  to  them,  are  pits  which  receive 

mandibular  teeth;  they  are  not  deep.    Along  the  inner  margins  of  the 

bony  supports  of  the  first  four  maxillary  teeth  are  faint  suggestions  of 

pits  to  receive  mandibular  teeth. 

Nasals. — The  nasals  are  broad  in  proportion  to  the  total  breadth 

of  the  snout.    At  their  maximum  breadth,  which  is  at  the  junctions  of 

nasals,  lacrymals,  and  jugals,  the  nasals  occupy  about  half  the  total 

breadth  of  the  snout.    The  nasals  widen  rapidly  from  their  anterior 

projections  into  the  narial  aperture  as  far  back  as  the  posterior  ends  of 

the  premaxillaries.    Posterior  to  the  contacts  with  the  premaxillaries 

the  nasals  broaden  gradually  as  far  back  as  the  junctions  of  the  nasals 

with  the  lacrymals;   this  is  at  the  level  of  the  ninth  maxillary  teeth. 

Posterior  to  the  level  of  the  ninth  maxillary  teeth  the  nasals  decrease  in 

breadth  to  their  posterior  terminations,  which  are  situated  a  considerable 

^Ji^nce  posterior  to  the  anterior  ends  of  the  orbits.    In  this  character 

Caiman  trigonaiua  differs  from  most,  if  not  all  other  Recent  crocodilians., 

**^  posterior  ends  of  the  nasals  are  not  in  contact  with  each  other,  but 

^^  ^dely  separated  by  the  broad  anterior  process  of  the  frontal.    The 

P^^^rior  portions  of  the  nasals  in  fact  consist  of  two  backward  projec- 

™K  processes,  which  wedge  between  the  frontal  on  the  one  hand,  and  the 

P'^Tontals  on  the  other.    The  contact  of  each  nasal  with  the  lacr>'mal  is 

^'^derably  shorter  than  its  contact  with  the  prefrontal.    Along  the 

^^lian  line,  in  the  specimen  studied,  is  a  narrow  sliver  of  bone  between 

^  two  nasals.    This  is  not  regarded  as  possessing  any  particular  signifi- 

^c»,  merely  being  the  result  of  accessory  ossification. 

Lacrymals. — The  lacrymal  bones  are  relatively  large,  and  are  nearly 
j^^ical  in  position.  Their  contacts  with  the  nasals  and  maxillarics  have 
Ij/^H  described  above.  The  sutures  with  the  prefrontals  are  obscure  in 
.  ^  specimen  examined.  E^h  of  them  extends  from  the  posterior  end  of 
J/^  naso-lacrymal  suture  directly  backward  to  a  point  near  the  anterior 
^^der  of  the  orbit.    It  then  turns  almost  directly  outward  toward  the 
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antero-internal  border  of  the  orbit.  The  suture  with  the  jugal  extends 
directly  back  from  the  lower  extremity  of  the  maxillo-lacrymal  suture  to 
the  antero-inferior  border  of  the  orbit.  The  lacrymals  carry  the  knob-like 
processes  anterior  to  the  orbits,  also  a  pair  of  ridges,  which  extend  down- 
ward and  forward  from  the  anterior  ends  of  the  orbits  to  the  inferior 
extremities  of  the  maxillo-lacrymal  sutures;  the^*  are  perpendicular  to  the 
latter  sutures  in  p)osition. 

Prefrontals. — The  prefrontal  bones  are  small  and  irregular.   Each 
prefrontal  has  no  separate  anterior  border,  but  an  irregularly  curved 
internal  border.    This  internal  border  is  composed  partly  of  the  suture 
with  the  nasal,  and  partly  of  that  with  the  frontal.    Each  suture  with  the 
frontal  is  unusually  short,  in  correlation  with  the  great  length  of  the 
corresponding  posterior  process  of  the  nasal.    On  the  external  border  of 
each  prefrontal,  about  midway  between  the  anterior  and  posterior  end& 
of  the  bone,  a  short  process  projects  outward;  the  anterior  boundaiy  o^ 
this  process  is  part  of  the  lacrymo-prefrontal  suture,  and  the  external  ancS. 
posterior  boundaries  are  the  orbit  itself. 

Frontal. — The  frontal  is  relatively  large,  especially  in  its  anteric^^r 
portion.  The  anterior  process  is  both  long  and  broad.  It  wedges  apar^ 
the  two  posterior  processes  of  the  nasals;  the  contact  with  the  nasals 
consists  of  an  irregular  transverse  suture,  and  two  straight  almost  antero- 
posterior sutures.  Each  of  these  straight  sutures  is  continued  backward 
as  the  pref ronto-f rontal  suture  to  the  center  of  the  sup)erior  border  of  ttm^ 
orbit.  Each  naso-f  rontal  suture  is  considerably  longer  than  the  pref  ront^3- 
frontal  suture.  The  interorbital  plate  is  moderately  broad,  and  is  n<3t 
concave.  The  posterior  boundary  of  the  frontal  is  a  suture  which  exten<3s 
inward  and  backward  from  the  posterior  border  of  the  orbit  at  an  ang^c 
of  about  45°  with  the  longitudinal  axis  of  the  skull,  then  directly  across 
in  a  transverse  direction,  and  on  the  opposite  side,  forward  and  outwai:rd 
to  the  orbital  border.  The  transverse  portion  of  this  suture  is  somewlm^t 
longer  than  either  of  the  obUque  portions.  The  contact  with  the  paricfc^ 
occupies  the  transverse  portion  of  the  suture,  and  about  two-fifths  of  e»^^ 
obUque  portion,  the  remaining  three-fifths  being  occupied  by  the  fron'iX)' 
postorbital  contacts. 

PosTORBiTALS. — The  postorbitals  are  of  moderate  size;  they  ^^ 
flat  on  their  external  surfaces,  and  are  irregularly  quadrangular  in  outlLn^- 
The  fronto-postorbital  sutures  have  been  described  above.  The  post' 
orbito-parietal  sutures  extend  backward  and  slightly  outward  from  the 
contacts  with  the  frontal.  The  postorbito-squamosal  sutures  are  directly 
transverse  in  direction,  and  are  approximately  equal  in  length  to  the 
postorbito-parietal  sutures. 
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Squamosals. — The  squamosal  bones  are  large  and  flat.  In  outline 
they  are  five-sided,  but  are  almost  rectangular.  The  external  border  is 
the  longest;  the  posterior  border,  which  is  perpendicular  to  the  external 
one,  is  next  in  size;  the  internal  border,  which  is  parallel  to  the  external 
one,  is  slightly  shorter  than  the  posterior;  the  transverse  anterior,  and 
oblique  antero-internal  borders  are  small  and  equal  in  size. 

Parietal. — The  parietal  bone  is  large  in  size,  occupying  the  central 
portion  of  the  flat  cranial  table;  the  lai^e  size  is  correlated  with  the 
absence  of  supratemporal  fenestrse.  The  lateral  borders  are  sUghtly 
irregular.  The  anterior  border  has  been  described  above  as  the  posterior 
border  of  the  frontal.  The  bone  occupies  two  short  portions  of  the  pos- 
terior border  of  the  cranial  table,  these  portions  being  separated  by  the 
supraoccipital.  The  latter  bone  is  long,  separating  two  rather  long 
slender  processes  of  the  parietal  from  each  other. 

Supraoccipital. — On  the  surface  of  the  cranial  table  this  bone  is 
long  antero-posteriorly,  and  narrow  laterally.  It  occupies  the  median 
portion  of  the  posterior  border  of  the  cranial  table.  On  the  posterior 
surface  of  the  skull  the  supraoccipital  occupies  somewhat  more  than  one- 
third  of  the  total  breadth,  and  extends  down  from  the  superior  border 
about  three-fifths  of  the  total  distance  from  this  border  to  the  forajnen 
magnum. 

ExocciPiTALS. — The  exoccipital  bones  are  characterized  by  a  some- 
what greater  vertical  height  than  those  of  most  Recent  crocodilians. 

Basioccipital,  Basisphenoid,  and  Quadrates. — These  bones  are 
not  suflSciently  characteristic  to  require  special  description. 

Quadrato-jugals. — The  quadrato-jugals  are  very  broad  in  their 
posterior  portions,  but  very  slender  in  their  anterior  portions.  They 
have  no  suggestions  of  free  anterior  processes. 

JuGALS. — The  broad  anterior  portions  of  the  jugals  are  nearly 
Vertical  in  position,  otherwise  are  not  especially  characteristic. 

Palatines. — The  form  of  the  palatine  bones  is  characteristic.  The 
'Ji&xillo-palatine  sutures  have  been  described  above.  The  anterior 
processes  of  the  palatines  are  nearly  rectangular  in  outline.  The  inter- 
fenestral  portions  are  sUghtly  narrower  than  the  anterior  processes 
opposite  the  twelfth  maxillary  teeth;  posterior  to  this  level  they  expand 
slightly.  The  palato-pterygoid  suture  is  situated  a  considerable  distance 
J^nterior  to  the  posterior  ends  of  the  palatine  fenestras.  It  extends  across 
the  interorbital  plate  in  a  series  of  loops.  The  forward  position  of  this 
suture  may  be  due  partly  to  the  young  age  of  the  specimen  studied,  and 
^^y  not  have  specific  value. 
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Pterygoids. — These  bones  occupy  considerable  portions  of  the 
postero-internal  borders  of  the  palatine  fenestrse.   They  are  flat  along  the 
median  Une,  and  bend  downward  at  the  borders  only  slightly.    They  are 
somewhat  elevated  around  the  internal  narial  aperture.   Posterior  to  the 
aperture  a  pair  of  short  processes  extend  backward  from  the  posterior 
border. 

EcTOPTERYGoiDS. — The  anterior  processes  of  these  bones  are  very- 
small,  extending  only  as  far  forward  as  the  level  of  the  fourteenth  maadl- 
lary  teeth.  The  postero-superior  processes  are  also  small;  the  inferior 
processes  are  large. 

The  Mandible 

The  mandible  of  this  species  is  slender.  The  symphysis  is  short, 
extending  back  only  to  the  level  of  the  foiuih  mandibular  teeth.  The 
splenial  bones  extend  about  as  far  forward  as  the  fifth  mandibular  teeth. 
The  articular  surfaces  of  the  articular  bones  are  not  divided  by  trans- 
verse ridges  as  in  some  of  the  species  of  Jacare.  The  anterior  end  of  the 
two  rami  forms  a  sharp  point.  The  external  mandibular  foramina  are 
large. 

.  The  right  ramus  contains  twenty-two  teeth  and  the  left  twenty-one. 
Boulenger  states  that  there  are  from  twenty  to  twenty-two  mandibular 
teeth  on  each  side.    From  the  first  to  the  fifth  the  mandibular  teeth  are 
far  apart,  especially  the  second  and  third.    From  the  fifth  teeth  back  W 
the  posterior  end  of  the  dental  series  the  teeth  are  only  moderately,  an^ 
nearly  equally  far  apart.    The  first  and  the  fourth  mandibular  teeth  ar:*^ 
approximately  equal  in  length,  but  the  fourth  are  stouter  than  the  fii3^ 
The  second  and  third  are  of  medium  size,  also  the  twelfth  and  thirteentJ^ 
The  fifth  to  the  eleventh  teeth  and  those  posterior  to  the  thirteenth,  a:^ 
small.    The  crowns  of  the  anterior  teeth  are  considerably  longer  th^^ 
those  of  the  posterior  ones,  but  the  latter  are  not  especially  blunt. 

Measurements  Mus.  Univ.  Mich.  No.  46113 

Length  of  Skull,  Tip  of  Snout  to  Supraoccipital  .  1595M. 

Length  of  Skull,  Tip  of  Snout  to  Ends  of  Quadrates  .  1660 

Breadth  of  Skull  Across  Quadrato-jugals  .084 

Breadth  of  Cranial  Table  .  049 

Breadth  of  Snout  at  Base  .057 

Breadth  of  Snout  at  Fourth  Maxillary  Teeth  .044 

Breadth  of  Snout  at  Third  Premaxillary  Teeth  .029 

Ixjngth  of  Mandible  .  184 

Breadth  of  Mandible,  Maximum  .064 
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Caiman  palpebrosua  (Cuvier) 

No  skull  of  this  species  was  available  for  study.  The  following 
description  is  from  Boulenger.  "  19  or  20  upper  and  20  lower  teeth  on 
eachside;  thirdandfourthmaxillary  teeth  largest.  Head  once  and  three- 
fifths  to  once  and  two-thirds  as  long  as  broad;  snout  subacuminate,  its 
basal  width  contained  about  once  and  a  half  in  its  length;  no  cross- 
ridge  in  front  of  the  interorbital  region,  which  is  but  slightly  concave; 
upper  eyelid  flat  and  smooth,  entirely  bony,  the  bony  plate  consisting  of 
four  distinct  pieces;  lores  very  steep  and  high ;  canthus  rostralis  angular; 
supratemporal  foss»  obUterated."     ♦ 

AUJOATOB  Cuvier 

Genebic  Characters 

In  AUigalor  the  snout  is  short  and  rounded  anteriorly.    The  supra- 
temporal  fenestrse  are  small;    the  external  narial  aperture  is  divided 
'"Medially  by  a  pair  of  long  anterior  processes  of  the  nasal  bones  and  a 
corresponding  pair  of  short  processes  from  the  premaxillary  bones. 
There  are  seventeen  to  twenty  upper  teeth  on  each  side,  and  eighteen  to 
twenty  lower  teeth.   There  is  no  sharp  anterior  process  to  each  quadrato- 
jugal.    The  fourth  mandibular  teeth  bite  into  pits  in  the  upper  jaws; 
the  mandibular  teeth  in  general  bite  inside  the  line  of  the  superior  teeth, 
fc  one  character  AUigalor  mississippiensis  differs  from  all  the  other 
<*ocodilian8  studiea;  it  is  not  known  at  present  whether  it  is  true  of  A. 
^nensis  or  not;  if  not  that  form  is  not  closely  allied  with  A.  mississip- 
Pierms.    This  character,  which  was  called  to  the  writer's  attention  by 
Prof.  W.  K.  Gregory,  is  related  to  the  contact  of  the  lacrymals  with  the 
surrounding  bones.    In  all  the  other  crocodilians  studied  the  lacrymals 
form  contacts  with  the  nasals.    In  this  species  the  lacrymals  are  separated 
^t>m  the  nasals  by  the  greatly  elongated  anterior  processes  of  the  pre- 
frontals.    The  lacrj'mals  therefore  come  in  contact  with  the  jugals, 
D^axillaries,  and  prefrontals  only.    The  maxillaries,  in  consequence  of 
this  separation  of  the  lacrymals  and  jugals,  are  in  contact  with  the  pre- 
frontals. 

Alligator  misBiBsippienBiB  Daudin 

The  description  of  the  skull  of  Alligator  mississippiensis  is  based 
^Pon  a  series  of  skulls  of  greatly  varying  ages.  They  are,  in  order  of 
^^creasing  size,  the  following  specimens:  two  very  small  skulls  in  the  col- 
lections of  the  Museum  of  Comparative  Zoology  (Nos.  13101  and  13102), 
^either  of  which  is  over  40  mm.  long;  Amer.  Mus.  Nos.  2321  and  2320; 
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another  skull  in  the  collections  of  the  Museum  of  Comp>arative  Zoology 
(No.  13103), about  100mm. long;  Amer. Mus. No.  12572, about  200inin. 
long;  Amer.  Mus.  No.  15180  about  340  mm.  long;  another  skull  of 
practically  the  same  size  (Amer.  Mus.  No.  15178);  and  Amer.  Mus.  No. 
15181,  about  490  mm.  long. 

General  Form 

The  skull  of  the  American  alligator  is  broad  and  flat;  the  region  of 
the  snout  is  especially  so.    The  snout  varies  from  about  equal  length  and 
breadth  at  the  base  in  the  very  yftung  skulls  to  a  length  about  one  and 
two-thirds  as  long  as  the  breadth  at  the  base  in  the  oldest  skull.    Tlie 
lateral  margins  of  the  snout  are  unusually  smooth;  in  the  very  young 
individuals  they  converge  rather  sharply  in  the  anterior  directioni  the 
anterior  end  of  the  snout  being  rather  acute;  in  the  older  specimens  the 
margins  of  the  snout  are  almost  parallel,  and  the  end  of  the  snout  is  v&j 
broadly  rounded.    The  fourth  mandibular  teeth  bite  into  pits  in  the 
upper  jaw,  instead  of  into  grooves  as  in  CrocodiluSy  consequently  there  is 
no  sharp  constriction  of  the  snout  at  the  premaxiUo-maxillary  suture; 
the  snout  is  very  slightly  expanded  at  the  level  of  the  fourth  maxillaiy 
teeth,  and  very  slightly  constricted  a  short  distance  posterior   to  that 
level.     These  slight  constrictions  and  expansions  are  very  much  lew 
marked  than  in  Crocodilus,  and  are  in  different  positions.    There  is  an 
elevation  above  each  fourth  maxillary  tooth,  anc^in  Amer.  Mus.  No. 
15180  the  left  of  these  has  been  pierced  by  the  root  of  the  tooth  (evidently 
after  the  preparation  of  the  skull)  showing  the  extremely  thin  character 
of  the  bone.    The  snout  varies  greatly  in  its  degree  of  pitting;  the  older 
skulls  arc  of  course  much  more  deeply  pitted  than  the  younger  ones.  Id 
some  skulls  the  median  posterior  portion  of  the  snout  is  relatively  smooth, 
while  the  borders  of  the  snout  are  deeply  pitted,  and  there  is  a  sharp 
tranj-ition  from  the  smooth  to  the  rough  areas.    In  other  skulls  the  degree 
of  pitting  is  more  nearly  equal;  in  still  others  the  p)Osterior  median are^ 
of  the  snout  is  smooth,  but  grades  into  the  rougher  borders.    The  meaX'^ 
ing  of  this  type  of  variation  is  not  known,  but  it  may  possibly  be 
graphic  in  nature.     The  external  narial  apertm-e  is  divided  into  t' 
portions  by  a  median  septum.     * 

The  interorbital  region  is  relatively  narrow,  and  is  strongly  uproll^?"- 
The  cranial  table  is  of  moderate  size;  it  varies  considerably  in  outli**^- 
In  the  younger  specimens  there  is  a  tendency  toward  convexity  in  th^ 
external  borders  of  the  table;  in  the  older  skulls  the  lateral  borders  con- 
verge slightly  in  the  anterior  direction.    This  is  not  invariably  the  case. 
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as  in  the  largest  skull  studied  (Amer.  Mus.  No.  15181)  the  borders  converge 
less  than  in  two  smaller  skulls.  The  height  of  the  skull,  especially  in  the 
region  of  the  snout,  but  also  in  the  cranial  region,  is  not  great. 

The  Cavities  of  the  Skull 

SupRATEMPORAL  Fenestilb. — In  the  older  specimens  these  fenes- 
tra are  of  moderate  size,  and  are  close  together.  They  are  very  irregular 
in  outline,  and  their  greatest  diameters  converge  anteriorly.  In  the 
young  skulls  they  exhibit  the  characteristic  juvenile  crocodilian  features 
of  great  length  in  proportion  to  their  breadth,  and  wide  separation  from 
each  other.  In  the  older  skulls  they  are  very  much  smaller  than  the 
lateral  halves  of  the  external  narial  aperture. 

Infratemporal  FENESTRiE. — The  infratemporal  fenestrse  are  mod- 
erately large,  and  are  subtriangular  in  outline.  The  postorbital  bars 
which  form  their  anterior  boundaries  slope  more  obliquely  downward 
than  in  the  true  crocodiles.  The  fenestrse  are  not  penetrated  by  sharp 
processes  of  the  quadrato-jugals,  as  in  the  species  of  Crocodilus  and  Tomi- 
fioma. 

Orbits. — In  the  young  skulls  the  orbits  are  excessively  large;  in 
the  older  ones  they  are  relatively  small,  with  intermediate  conditions  in 
tile  intervening  stages.  The  orbits  of  the  older  skulls  are  considerably 
longer  than  they  are  broad;  this  is  true  to  a  slight  extent  in  the  young 
skulls.  In  the  older  specimens  the  orbits  are  rather  sharply  pointed  at 
their  anterior  ends;  their  internal  borders  are  very  deeply  concave,  and 
these  borders,  especially  at  their  anterior  ends,  are  conspicuously  ele- 
vated; the  inferior,  or  external  borders  are  sUghtly  concave  inward  in  the 
younger  stages,  but  in  the  older  ones  they  are  more  nearly  straight,  and 
in  the  oldest  of  all  (Amer.  Mus.  No.  15181)  they  are  very  slightly  convex 
inward.    This  makes  the  outline  of  each  orbit  exceedingly  irregular. 

External  Narial  Aperture. — The  external  narial  aperture  is 
large.  Its  anterior  breadth  Ls  greater  than  its  posterior.  Its  total 
breadth  is  considerably  greater  than  its  length.  It  is  completely  divided 
into  right  and  left  portions  at  the  surface  of  the  snout  by  the  enlarged 
anterior  processes  of  the  nasal  bones,  and  shorter  processes  of  the  pre- 
^axillaries  which  extend  backward  to  .meet  the  nasal  processes.  There 
^  no  bony  separation  of  the  aperture  at  a  lower  level,  however. 

Premaxillary  Foramen. — ThLs  cavity  is  comparatively  large.  It 
Grounded  at  its  posterior  end  and  sharply  iK)inted  at  its  anterior  end; 
it«  lateral  boundaries  are  curves  wliich  are  deeply  concave  in  their 
posterior  halves,  and  gently  convex  in  their  anterior  halves." 
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Palatine  Fenestr®. — The  palatine  fenestr®  are  rather  small  and 
far  apart,  especially  in  the  older  specimens.  In  the  younger  skulls  they 
are  relatively  somewhat  larger,  especially  in  the  transverse  direction.  In 
the  youngest  specimen  they  are  about  twice  as  long  as  broad.  In  all  of 
the  young  specimens  they  are  relatively  close  together.  In  all  of  the 
skulls  up  to  and  including  the  10  cm.  skull  of  the  Museum  of  Comparative 
Zoolog>'^  (Collection,  the  space  between  the  two  fenestrse  is  not  greater 
than  the  breadth  of  either  fenestra.  In  the  oldest  specimen  (Amer.  Mus. 
No.  15178)  the  minimum  transverse  diameter  of  the  interfenestral  plate 
is  nearly  twice  as  great  as  the  maximum  transverse  diameter  of  each  of 
the  fenestrae.  The  younger  individuals  have  rather  symmetrically 
shaped  fenestrse;  the  older  ones  have  them  very  irregular  in  outline. 
In  all  of  the  older  skulls  the  fenestrse  are  long  and  narrow,  and  their 
anterior  ends  are  rounded.  Their  external  borders  are  irregularly  con- 
cave; their  internal  borders  are  nearly  straight  lines  which  converge 
sharply  in  the  posterior  direction,  but  near  their  posterior  ends  they 
curve  inward  around  an  expansion  of  the  nasal  passage,  and  in  the  oldest 
specimen  curve  outward,  and  finally  inward  again.  The  posterior  ends 
of  the  fenestra  are  sharp;  their  greatest  transverse  diameters  are  near 
their  posterior  ends.  In  the  youngest  skulls  they  extend  forward  to  the 
level  of  the  tenth  maxillary  teeth;  in  the  older  ones  they  extend  as  far 
forward  as  the  anterior  borders  of  the  eleventh. 

Internal  Narial  Aperture. — This  cavity  faces  downward  and 
slightly  forward.  It  is  large,  occupying  about  half  the  median  length  of 
the  pterj'^goids.  It  is  completely  divided  by  a  median  bony  septum,  and 
it  extends  far  up  into  the  basicranial  region  of  the  skull;  its  median  sep- 
tum is  supported  laterally,  inside  the  cavity,  by  a  series  of  lateral  bars,  or 
braces.     Externally  it  is  shielded  posteriorly  by  a  ridge  of  the  pterygoids. 


The  Bones  of  the  SkuD 

Premaxillaries. — The  premaxillaries  are  very  broad  and  short. 
Their  very  small  posterior  processes  extend  only  as  far  back  as  the  level 
of  the  second  maxillary  teeth;  the  narial  aperture  extends  back  to  the 
level  of  the  first  maxillary  teeth,  so  the  post-narial  portion  of  each  pre- 
maxillary  is  very  small.  From  the  anterior  border  of  the  aperture  a  pair 
of  closely  appressed  processes  of  the  premaxillaries  extend  back¥rautl  to 
meet  the  long  anterior  processes  of  the  nasals. 

On  the  palate  the  premaxillo-maxillary  suture  is  rather  irregular  in 
outline.  From  the  lateral  border  it  extends  inward  and  backward  a 
short  distance  to  a  point  slightly  posterior  to  the  level  of  the  first  maxil- 
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lary  teeth,  and  anterior  to  the  second,  or  in  line  with  their  anterior  bor- 
ders, and  about  one-third  the  distance  inward  from  the  margin  of  the  jaW 
to  the  median  line.    Then  it  turns  inward  and  very  slightly  forwarc3.» 
meeting  its  opposite  on  the  median  line  opposite  the  first  maxillary  teetb.. 
The  maxunum  length  of  the  premaxillarie»  on  their  palatal  surface  ^.a 
about  three-fifths  their  total  breadth;  on  the  superior  surface  the  lengfcJii. 
is  about  four-fifths  the  breadth. 

There  are  normally  five  teeth  in  each  premaxillary ;  in  one  specime 
however,  one  of  the  first  pair  was  not  developed.    The  teeth  i 
regularly  in  size  from  the  first  to  the  fourth;  the  fifth  is  approxunatfelK^r 
equal  in  size  to  the  third.    The  teeth  are  all  spaced  moderate  distarn 
from  each  other.    The  pit>s  which  lodged  the  mandibular  teeth  are 
situated  internal  to  the  line  of  the  premaxillary  teeth,  the  lower 
biting  entirely  within  the  upper  ones.    The  first  of  these  pits,  on 
side,  internal  to  the  second  tooth  and  the  space  between  the  first  and 
second,  is  deep,  but  does  not  pierce  the  surface  of  the  skull.    The  second 
pit,  opposite  the  space  between  the  third  and  fourth  teeth,  is  small; 
the  third  pit,  internal  to  the  space  between  the  fourth  and  fifth  teeth,  is     ^:^, 
also  small.    The  pit  wliich  lodges  the  fourth  mandibular  tooth  is  deep; 
it  is  internal  to  the  line  of  both  premaxillary  and  maxillaiy  teeth,  mdis 
situated  on  the  suture  between  the  two  bones;  its  deepest  point  lies  in 
the  premaxillary  and  not  the  maxillary.  ■•>u. 

Maxillaries. — The  maxillary  \x>nea  are  very  short  in  the  younger  ■  j^ 
skulls,  but  are  relatively  longer  in  the  older  ones.  In  all  of  the  skufc  ■l^tw: 
they  are  relatively  broad  in  proportion  to  their  length.  Their  sutureB  ^'  '^ 
with  the  nasals  are  convex  (in  the  direction  of  the  maxillaries)  in  the 
young  indi\i(luHls,  and  straight  or  slightly  concave  in  the  older  ones. 
Their  sutures  with  the  prefrontals,  lacrymaLs,  and  jugals  are  very  irregular, 
together  forming  a  series  of  loops  across  the  posterior  portion  of  tbc 
snout.  In  ha\dng  contacts  with  the  prefrontals  the  maxillaries  ot 
the  alligator  differ  from  those  of  all  other  crocodilians,  in  whiA 
the  maxillaries  are  excluded  from  contact  with  the  prefrontals  by  the 
lacrimals,  which  usually  fonn  contacts  with  the  nasals. 

On  the  i^alate  the  maxillaries  occupy  a  considerable  area.  Their 
suture  with  the  prcniaxillaries  has  been  described  above.  The  maxOIo- 
palatinc  suture  diffci-s  somewhat  from  that  of  most  crocodilians.  It 
extends  backward  and  inward  from  the  anterior  end  of  the  palatine  fenes- 
tra, on  each  side,  for  a  short  distance  only,  then  turns  and  ejctends 
almost  directly  forward  to  the  level  of  the  ninth  maxillary  teeth  in  the 
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older  specimens,  and  the  eighth  in  most  of  the  younger  ones,  then  extends 
almost  directly  inward  to  the  median  line,  and  in  a  synmietrical  direction 
to  the  opposite  border.  In  the  two  youngest  specimens  the  suture  dififers 
aoniewhat  from  this  outline.  In  the  very  smallest  one  the  suture  extends 
almost  directly  forward  and  inward  from  the  anterior  end  of  the  fenestra, 
to  meet  its  opposite  on  the  median  Une  opposite  the  seventh  maxillary 
teeth,  the  two  lateral  portions  together  forming  a  letter  V,  with  the 
ftpex  directed  forward.  In  the  second  smallest  skull  the  suture  extends 
obliquely  inward  and  forward  to  a  point  opposite  the  seventh  maxillary 
teeth,  as  in  the  one  just  described,  but  then  turns  directly  inward  and 
meets  its  opposite  on  the  median  line  at  that  level.  The  maxillaries  are 
excluded  from  the  internal  borders  of  the  fenestrse,  and  form  only  small 
pt>rtions  of  their  external  walls.  The  maxillo-ectopterygoid  sutures  extend 
forward  to  the  level  of  the  twelfth  or  the  thirteenth  maxillary  teeth, 
^^i^ng  somewhat  among  the  skulls  studied.  The  maxillaries  do  not 
crtend  far  back  of  their  alveolar  borders. 

There  are  fifteen  teeth  in  each  maxillary.    These  are  directly  in  Une 

^^th  the  premaxillary  teeth.    They,  increase  regularly  in  size  from  the 

fi>^  to  the  fourth,  which  is  the  largest  in  each  maxillary.    From  the  fifth 

^  the  seventh,  inclusive,  the  maxillary  teeth  decrease  in  size.    From  the 

^*Khth  to  the  eleventh,  inclusive,  they  increase;  the  eleventh  is  second 

tf^  size  to  the  fourth.    From  the  twelfth  to  the  fifteenth,  inclusive,  they 

decrease  regularly. 

The  maxillary  teeth,  from  the  first  to  the  sixth,  are  close  together, 
liicewise  the  eighth  and  ninth;  the  sixth  and  seventh,  and  the  seventh 
wid  eighth  are  considerably  farther  apart  than  the  others;   from  the 
tenth  to  the  fifteenth  they  are  very  close  together,  in  fact  from  the 
eleventh  to  the  fifteenth  their  alveoU  are  continuous  with  each  other. 
TTie  crowns  of  the  anterior  maxillary  teeth  are  moderately  long,  Uke 
those  of  the  premaxillary  teeth,  but  they  do  not  have  the  relatively  great 
length  of  those  of  most  typical  crocodiles;  the  crowns  of  the  posterior 
maxillary  teeth  are  very  short.     All  of  the  teeth  are  rather  short  and 
stout.    The  anterior  teeth  are  more  or  less  pointed,  but  not  sharply  so; 
the  posterior  teeth  are  very  blunt.    Conspicuous  pits  for  reception  of  the 
mandibular  teeth  are  situated  internal  to  the  spaces  between  the  sixth 
and  seventh,  and  the  seventh  and  eighth  teeth  in  each  maxillary.    An- 
terior to  this  level  there  are  very  sUght  indentations  of  the  maxillaries 
which  lodge  mandibular  teeth;  all  of  them  are  entirely  internal  to  the 
line  of  teeth  themselves.    The  transition  from  sharp  to  blunt  teeth  is 
ociore  gradual  than  in  most  true  crocodiles. 
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Nasals. — The  nasal  bones  are  broad  in  comparison  with  those  of 
other  crocodilians,  but  not  in  proportion  to  the  breadth  of  the  snoot 
Their  anterior  processes  extend  forward  into  the  nasal  aperturet  and 
joining  with  a  pair  of  short  processes  of  the  premaxillaries,  completely 
divide  the  aperture  into  right  and  left  portions  at  the  surface.  At  the 
posterior  ends  of  the  two  lateral  halves  of  the  aperture  they  are  broad, 
and  occupy  considerable  portions  of  the  postnarial  borders.  Their  breadth 
at  the  posterior  end  of  the  aperture  is  much  greater  than  in  any  other 
crocodiUan  skull  studied.  Posterior  to  the  aperture  they  expand  rapidlf 
to  the  level  of  the  fourth  maxillary  teeth,  where  they  reach  their  man- 
mum  breadth.  Posterior  to  the  level  of  the  fourth  maxillary  teeth  th^ 
vary  somewhat  in  the  various  individuals;  in  some  their  external  borden 
remain  almost  parallel;  in  others  they  converge  slightly  in  the  posterior 
direction,  and  then  diverge  again ;  the  positions  of  the  minimum  breadth 
of  the  anterior  portions  of  the  nasals,  and  of  the  expansion  back  of  this, 
very  considerably.  In  all  the  specimens  examined  the  nasals  decrease  in 
breadth  rapidly  posterior  to  the  anterior  end  of  the  naso-prefrontal 
sutures.  The  nasals  have  no  contact*  with  the  lacrymals.  TTie  posterior 
ends  of  the  nasals,  between,  or  in  some  cases  slightly  anterior  to  the 
anterior  ends  of  the  orbits,  are  irregular;  in  some  specimens  the  tfO 
nasals  are  very  slightly  wedged  apart  by  a  minute  extension  of  the 
anterior  process  of  the  frontal;  in  others  they  are  irregularly  transvNBe. 

Lacrymals. — The  lacrymal  bones  of  the  alUgator  are  unusual 
They  have  no  contacts  with  the  nasals;  they  are  much  shorter  than  fl»e 
prefrontals,  and  do  not  extend  as  far  forward  or  as  far  backward  as  these 
bones;  they  are  sUghtly  broader  than  the  prefrontals;  their  longitudinal 
axes  are  nearly  parallel  with  the  longitudinal  axis  of  the  skidl. 

Prefrontals. — The  prefrontals  are  unusually  long.  Their  external 
and  internal  borders  converge  anteriorly,  forming  sharp  points  at  the 
anterior  ends  of  the  lx)nes;  their  contacts  with  the  maxillaries  are  about 
one-half  as  long  as  their  contacts  with  the  nasals.  Their  posterior  ends, 
along  the  borders  of  the  orbits,  are  very  rugose. 

Frontal. — The  anterior  process  of  the  frontal  is  comparativdv 
short,  being  considerably  shorter  than  the  posterior  plate;  it  is  of  mod- 
erate breadth.  The  interorbital  plate  is  relatively  narrow,  and  its  edpa 
are  sharply  uprolled.  The  posterior  expansion,  posterior  to  the  orWta, 
is  slight. 

PosTORBiTALs. — Thc.se  tones  are  of  medium  size.  Elach  occupies 
about  one-third  of  the  lateral  border  of  the  cranial  table,  and  its  orbital 
border  is  slightly  shorter  than  its  lateral  border.    Each  forms  a  part  ot 
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the  antero-intemal  as  well  as  the  external  border  of  the  supratemporal 
ienestra. 

Squamosals. — The  squamosals  are  moderately  large.  Together 
tbey  occupy  about  five-sevenths  of  the  posterior  border  of  the  cranial 
taUe.  Their  sutures  with  the  parietal  are  concave,  but  tend  to  converge 
in  the  anterior  direction. 

Parietal. — In  most  of  the  specimens  the  parietal  occupies  much 
of  the  entire  posterior  border  of  the  cranial  table.  In  the  very 
foong  specimens  the  supraoccipital  wedges  in  as  a  process  on  the 
median  line.  In  the  oldest  one  there  is  a  very  minute  process  of  the 
supraoccipital  visible  on  the  cranial  table,  preventing  the  parietal  from 
occupying  the  entire  central  portion  of  the  posterior  border. 

Supraoccipital. — As  noted  above  the  supraoccipital  has  little  or 
no  representation  on  the  surface  of  the  cranial  table.  The  smaller  skulls, 
including  the  10  cm.  skull  of  the  Museum  of  Comparative  2iOology  Col- 
lection, exhibit  an  appreciable  surface  of  this  bone  on  the  cranial  table. 
Hie  three  skulls  which  are  somewhat  larger  (Amer.  Mus.  Nos.  12542, 
15180,  and  15178)  show  no  traces  of  it  whatever.  The  largest  skuU 
(Amer.  Mus.  No.  15181)  exhibits  the  bone  as  a  minute  area  on  the 
posterior  border,  as  mentioned  above. 

The  smaUest  skull  in  the  collection  studied  (Mus.  Comp.  Zool. 
No.  13101)  possesses  not  only  a  supraoccipital  but  a  dermo-supra- 
ocdpital,  which  is  separated  from  the  true  supraoccipital  and  from  the 
parietal  by  sutures.  In  the  next  to  the  smallest  skull  (Mus.  Comp.  Zool. 
No.  13102)  this  dermo-supraoccipital  is  distinguishable,  but  it  appears 
to  be  almost  united  with  the  parietal. 

On  the  posterior  surface  of  the  skull  the  supraoccipital  extends  down- 
^^  from  the  superior  border  to  a  point  about  two-thirds  the  distance 
from  this  border  to  the  foramen  magnum.  Its  breadth  is  about  two- 
fifths  as  great  as  the  breadth  of  the  posterior  border  of  the  cranial  table. 

ExocciPiTALS,  Basiocctpital,  Basisphenoid,  and  Quadrates. — 
These  bones  are  not  especially  characteristic,  and  need  no  special  descrip- 
tion. 

QuADRATO-JUGALS. — Thesc  bones  differ  considerably  from  those  of 
the  true  crocodiles.  Their  superior,  or  quadrate,  borders  are  irregularly 
curved;  they  lack  altogether  the  sharp  processes  extending  into  the 
urfratemporal  fenestrae,  which  are  conspicuous  in  the  species  of  Crocodilus 
M^d  Tamulama.  The  antero-superior  processes  are  large,  both  in  length 
&od  thickness;  they  extend  upward  and  forward,  and  articulate  with  the 
Po«torbitals  as  well  as  the  squamosals  and  quadrates. 
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JuGALS. — The  jugal  bones  are  relatively  short  and  broad.  Their 
posterior  processes  are  thin,  but  their  entire  anterior  halves  are  deep 
vertically;  in  their  anterior  regions  they  differ  in  this  character  fromte 
jugals  of  the  true  crocodiles,  in  which  the  anterior  halves  are  considerabljr 
lower,  or  narrower,  than  the  central  portions. 

Palatines. — The  palatine  bones  are  very  distinctive  in  outHne- 
Their  sutures  with  the  maxillaries  have  been  described  above.  Thqr 
extend  forward  to  the  level  of  the  eighth,  ninth,  or  tenth  maxilkr 
teeth.  Their  anterior  processes  are  considerably  broader  than  they  am 
longi  and  they  are  terminated  by  nearly  straight  transverse  borders. 
The  palatines  form  all  of  the  internal  borders  of  the  palatine  feneto 
in  some  skulls,  and  all  except  exceedingly  short  distances  near  the  pos- 
terior ends  in  others.  They  form  about  one-fourth  of  the  external  bordeis 
of  these  fenestrse. 

The  sutures  of  the  palatines  with  the  pterygoids  are  distinctive  in 
outline.  They  vary  considerably  among  themselves,  but  their  paths  maf 
be  described  as  follows:  each  palato-pterygoid  suture  extends  backward 
and  inward  from  a  point  at  or  near  the  posterior  end  of  the  palatine  fenes- 
tra, for  a  short  distance,  then  turns  inward  and  slightly  forward  foraa 
equal  distance,  then  turns  inward  and  backward  again,  and  meets  its 
opposite  on  the  median  line.  The  variation  concerns  the  obliquity  of  the 
external  portion,  the  degree  of  irregularity,  the  level  of  thejuncturewith 
the  median  line,  and  other  characters  of  the  same  general  description. 

The  palatines  are  relatively  short  in  proportion  to  their  breadtli. 
Their  minimum  diameter  is  transverse  in  direction,  at  the  level  of  the 
juncture  of  the  maxillary,  jugal,  and  ectopterygoid  bones.    Posteriorto 
this  point  they  broaden  slightly,  and  anterior  to  it  they  broaden  conad- 
erably,  making  the  anterior  ends  of  the  palatine  fenestras  very  narrow. 
The  anterior  processes,  which  are  much  narrower  than  the  maxiimiffi 
breadth  of  the  bones,  are  considerably  broader  than  the  posterior  ends  of 
the  bones.    At  the  ends  of  the  anterior  processes  the  palatines  occupy  at 
least  one-third  of  the  total  breadth  of  the  palatal  surface. 

Pterygoids. — The  pterygoids  are  very  short  antero-posterioriy. 
The  large  internal  narial  aperture  occupies  about  one-half  of  their 
length  along  the  median  Une.     They  occupy  small  portions  of  the 
posterior,  or  postero-external,  surfaces  of  the  palatine  fenestrae,  the  actual 
extent  varying  considerably  among  the  different  specimens.     They 
appear  to  be  fused  together  at  their  posterior  ends;   posterior  to  the 
internal  narial  aperture  they  are  elevated  into  a  curved  ridge,  which 
protects  the  aperture  on  its  posterior  border;  they  also  send  forward  a 
median  partition  in  the  aperture  and  farther  up  in  the  nasal  passage. 
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EcTOPTERYGOiDS. — The  bones  are  somewhat  characteristic.  Their 
axi'terior  processes  extend  forward  to  the  twelfth  or  the  thirteenth  maxil- 
lary teeth;  these  anterior  processes  are  sharply  pointed.  Their  superior 
processes  are  large,  and  their  postero-inferior  processes  are  relatively 
fllexider. 

The  Mandible 

The  mandible  is  relatively  broad,  especially  near  its  anterior  end. 

This  is  true  in  spite  of  the  fact  that  its  teeth  bite  entirely  inside  the  pre- 

laajdllary  and  maxillary  teeth.    The  symphysis  is  short,  extending  as  far 

back  as  the  fourth  mandibular  teeth  in  some  specimens,  and  in  others  not 

behind  the  third.   The  splenials  extend  to  the  posterior  ends  of  the  fourth 

mandibular  teeth. 

There  are  nineteen  or  twenty  teeth  in  each  ramus.    These  resemble 

^e  teeth  of  the  upper  jaws  in  general  form,  although  some  of  them  are 

^ore  sharply  pointed.    The  fourth  tooth  is  the  longest  in  each  ramus, 

^^t  the  twelfth  is  considerably  thicker.    The  teeth  between  the  fourth 

^<i  the  twelfth  (or  thirteenth)  are  small;  those  posterior  to  the  twelfth 

(^^  thirteenth)  are  somewhat  larger,  but  decrease  progressively  from  the 

^''rteenth  to  the  twentieth.    The  first  twelve  (or  thirteen)  teeth  are 

'^tively  sharp-pointed,  but  from  that  point  back  to  the  end  of  the 

series  the  teeth  are  all  blunt. 

'A "here  is  a  great  variation  in  the  spacing  of  the  mandibular  teeth; 
™  t^ltird  and  fourth  (Amer.  Mus.  No.  15178,  in  which  there  are  nine- 
teen mandibular  teeth  on  each  side),  the  seventh  and  eighth,  and  the 
tenths    and  eleventh  teeth  are  close  together,  also  all  the  teeth  posterior 
toth^  twelfth;  the  first  and  second,  the  second  and  third,  the  fourth  and 
filthy  t;he  fifth  and  sixth,  the  sixth  and  seventh,  and  the  ninth  and  tenth 
aiencioderately  far  apart;  the  eighth  and  ninth  are  very  far  apart.    The 
CXU^  tooth  in  the  jaws  which  have  twenty  appears  to  be  in  the  region 
iixan^diately  posterior  to  the  large  fourth  tooth;  the  jaw  with  nineteen 
iberefore  has  seven  small  teeth  between  the  fourth  and  the  next  large 
tooth,  while  the  jaws  with  twenty  have  eight. 

Remarks 

This  species  appears  to  be  very  widely  separated  in  the  structure  of 

tbe  skull  from  all  of  the  other  species  studied.    From  the  descriptions  the 

0011111  Chinese  relative  (AUtgaior  sinensis)  may  partially  bridge  over  the 

gf^p  between  the  species  described  and  the  true  crocodiles,  but  this  is 

UBcertain.    The  American  alligator  appears  to  be  as  distantly  related  to 
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^^  caimans  as  to  the  true  crocodiles.  The  similarities  with  the  skulls  of 
•"C  Various  species  of  caimans  appear  to  be  superficial  in  character,  and 
'®t  necessarily  indicative  of  close  relationship.  The  American  alligator, 
'^d  presumably  its  Chinese  relative  as  well,  has  evidently  descended 
om  a  different  Mesozoic  ancestor  from  the  remainder  of  the  Crocodilia. 

Alligator  sinensis  Fauvel 

No  skull  of  this  species  was  available  for  study.  The  following 
scription  is  quoted  from  Boulenger.  "17  or  18  upper  and  18  or  19 
ver  teeth  on  each  side.  Head  nearly  once  and  a  half  as  long  as  broad; 
eral  outlines  of  snout  converging  towards  the  end,  which  is  obtusely 
inded;  upper  eyelid  entirely  bony." 


SPECIES  NOT  RECOGNIZED  AS  VALID 

No  attempt  has  been  made,  in  the  present  study,  to  verify  or  correct 
3  synomymy  of  the  Recent  crocodilian  species  as  given  by  Boulenger. 
^wever,  several  species  which  are  recognized  by  Boulenger  are  not 
x>gnized  as  valid  in  the  present  study, . . 

Barbour  has  discussed  the  synonymy  of  Crocodilus  rhombifer  Cuvier, 
d  C.  moreletii  Dum^ril,  and  given  reasons  why  the  latter  species  should 
considered  synonymous  with  the  former.  The  same  writer  has  dis- 
used C.  robtistus  Vaillant  and  Grandidier,  and  has  found  that  it  is 
lid  as  a  fossil  species,  but  not  as  a  Recent  one.  Barbour  also  considers 
^r^aior  helots  Cope,  to  be  based  upon  insufficient  grounds.  Fowler  has 
-oussed  Perosuchus  fuscus  Cope,  and  considered  it,  upon  good  grounds, 
t>e  a  synonjon  of  Caiman  (Jacare)  sclerops, 

SCUSSION  OF  THE  AFFINITIES  OF  THE  VARIOUS  GENERA  OF  RECENT 

CROCODILIA 

From  the  characters  described  above  it  will  be  seen  that  Gavialis 
liore  or  less  remote  from  a  central  crocodilian  stem  on  the  one  hand, 
^d  Alligator  is  remote  from  this  stem  on  the  other.  Crocodilus  may  be 
^nridered  as  intermediate  between  Gavialis  and  Alligator.  Tomibtoma 
'  then  intermediate  between  Gavialis  and  Crocodilus^  but  resembles  the 
^tter  much  more  closely  than  the  former.  Osteoblepharon  is  evidently 
cry  closely  related  to  Crocodilus^  and  in  many  respects  is  intermediate 
•etween  this  genus  and  Osteolaemus,  In  certain  superficial  characters 
^dedlatmus  resembles  Alligator;  it  is  unlikely,  however,  that  there  is  any 
oee  degree  of  relationship  between  these  two  genera.    Jacare^  Caiman, 


266 


BuUetin  American  Museum  of  Natural  History 


[Vol.  XUV 


and  Alligator  have  a  number  of  rather  unportant  eharacters  in  common. 
Of  the  three  Jacare  is  the  most  primitive,  and  bears  the  greatest  resem- 
blance to  Crocodilus  and  Osteoblepharon.  In  the  character  of  its  supnir 
occipital  this  genus  differs  from  all  other  Recent  genera  of  crocodiliaDS, 
however.  In  most  of  its  characters,  especially  those  of  importance 
Alligator  is  very  remote  from  Crocodilus, 

The  relations  of  the  genera  of  Recent  crocodiles,  as  indicated  from  a 
study  of  Recent  species  only,  are  probably  somewhat  as  indicated  in  the 
accompanying  diagram.  A  study  of  the  fossil  species  may  necessitate  a 
revision  of  this  outline. 
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SYNOPSIS  OF  THE  CRANIAL  CHARACTERS  OF  THE  GENERA  OF  RECENT 

CROCODILIA 

This  synopsis  is  based  upon  that  of  Boulenger,  and  differs  but  little 
from  it.  A  few  modifications  have  been  introduced,  however,  chiefly  in 
connection  with  the  recognition  of  Jacare  Gray  and  Odeoblepharon 
Schmidt  as  valid  genera. 

I.  Nasal  bones  widely  separated  from  the  nasal  aperture;  splenial 
elements  entering  the  mandibular  symphysis,  which  extends 
at  least  to  the  fifteenth  tooth. 

A,  27-29  superior,  25-26  inferior  teeth  on  each  side,  none  of  the 

mandibular  teeth  received  into  pits;   nasal  bones  widely 
separated  from  premaxillaries Gavialis. 

B.  20-21  superior,  18-19  inferior  teeth  on  each  side,  the  lateral 

mandibular  received  into  pits  between  the  maxillary  teeth ; 
nasal  bones  in  contact  with  the  premaxillaries .  .  Tomistoma, 

II.  Nasals  entering  the  nasal  aperture;  splenial  elements  not  entering 
the  mandibular  symphysis;  the  latter  does  not  extend  back 
of  the  eighth  tooth. 

A.  Fourth  mandibular  tooth  usually  fitting  into  a  notch  in  the 

jaw;  16-19  superior,  and  14-15  inferior  teeth  on  each  side. 
i.     No  bony  nasal  septum. 

1.  Fronto-parietal  suture  does  not  enter  supratemporal 

fenestrsB,   maxillo-palatine  sutures  extend  con- 
siderably anterior  to  ends  of  palatine  fenestrae. 

Crocodilus. 

2.  Fronto-parietal  suture  enters  supratemporal  fenes- 

trffi;    maxillo-palatine  sutures  do  not  extend  far 
beyond  the  ends  of  the  palatine  fenestrae. 

Osteoblepharon. 
ii.     Nasal  bones  dividing  the  nasal  aperture Osteobemus. 

B.  Fourth  mandibular  tooth  usually  fitting  into  a  pit  in  the  upper 
jaw;  17-20  superior  and  17-22  inferior  teeth  on  each  side. 

i.    No  bony  nasal  septum. 

1 .  Supratemporal  fenestrae  not  closed  except  in  very  old 
individuals;  premaxillary  foramen  elongate;  parie- 
tal bone  forms  no  part  of  posterior  border  of 
crrnial  table;  5  premaxillary  teeth,  17-20 
mandibular  teeth  on  each  side Jacare. 
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2.  Supratomporal  fenestrse  closed;  premaxillary  foramen 
broad;  parietal  bone  forms  part  of  posterior  lx)r- 
der  of  cranial  table;  4  premaxillar>' teeth ;  20-22 

mandibular  teeth  on  each  side Caiman. 

ii.     Bony  septum  divi  les  external  narial  aperture. . .  Alligator. 


50.51.6(701) 

rikte  Xnr.— OLIGOCHiETA   COLLECTED    IN    GREENLAND 
BY  THE  CROCKER  LAND  EXPEDITION* 

By  Paul  S.  Welch 

The  oligochsete  collections  of  the  Crocker  Land  Expedition,  made  by 
Dr.  M.  C.  Tanquary ,  were  sent  to  the  writer  for  study  and  identification. 
In  spite  of  the  meageniess  of  the  collections  and  the  fact  that  they  were 
ill  taken  in  one  locality  (Umanak,  Greenland),  the  specimens  are  of 
ooDsiderable  interest.  Until  recently  (Smith  and  Welch,  1919)  the  whole 
irctic  portion  of  North  America  was  practically  unknown  territory  so 
fir  as  these  animals  were  concerned.  As  pointed  out  in  the  above- 
mentioned  publication,  Lumbriculua  variegatus  (O.  F.  Miiller),  Lumbri^ 
cSkifToftiguB  (E^sen),  LumbriciUus  mimdus  (O.  F.  Miiller),  and  Enchy- 
lianis  attridtLs  Henle  were  reported  from  Greenland  many  years  ago  and 
ooDstituted  the  only  records  for  the  great  expanse  of  territory  between 
that  country  and  Bering  Strait  until  the  recent  publication  of  the  results 
of  the  Canadian  Arctic  Expedition,  which  gives  some  indication  of  the 
olicochste  fauna  in  arctic  America.  The  Crocker  Land  Expedition 
naterial,  in  a  general  way,  completes  the  survey  of  this  group  across  the 
eontinent. 

Two  recognizable  species,  Lumbnc^Iu^  variegatus  (Miiller)  and 
MemuJiytrxtis  falcifarmis  Eisen,  and  another  unidentified  form,  M^sen- 
^^^(intw  species,  comprise  the  collections.  Lumbriculus  variegatus  was 
wmmon  in  the  Canadian  Arctic  Expedition  collections  and  now  the  old 
record  of  this  form  in  Greenland,  made  by  Eisen  in  1872,  has  been  defi- 
wtdy  confirmed.  Representatives  of  Mesenchytraeus  are  reported  in 
Greenland  for  the  first  time,  although  they  were  to  be  expected  since  the 
8cnu8  is  known  to  have  a  wide  distribution  in  the  arctic  portions  of  the 
^^  iK)rthern  hemisphere.  Both  of  the  recognizable  species  of  these 
collections  occur  in  arctic  Ekirasia.  A  list  of  the  literature  dealing  with 
^  North  American  species  of  Mesenchyirxus  will  be  found  in  a  previous 
publication  (1919)  by  the  writer. 

ENCHYTB«DJ[ 

MosenchytrnuB  falcifonniB  Eisen 

One  of  the  collections,  made  at  Umanak,  Greenland,  June  22,  1914, 
!X)ntained  twenty-three  specimens,  eleven  of  which  are  sexually  mature, 
rhc  remaining  twelve  specimens  exhibit  varying  degrees  of  immaturity 


*Cootnbutioo  from  the  Zoological  Laboratory  of  the  University  of  Michiican. 
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and  were  of  little  assistance  in  the  determination  of  the  species.  Hie 
only  other  information  accompanying  the  collection  is  that  they  were 
found  "in  fresh  water  stream." 

A  study  of  these  enchy trseids  based  upon  serial  sections  and  cleared 
whole  mounts  showed  a  very  close  agreement  with  the  descriptions  of 
Mesenchytrxtis  falciformis  Eisen.     While  the  latter  has  not  been  as 
completely  described  as  is  desirable,  yet  enough  is  known  about  Eisen's 
original  material  to  make  it  safe  in  identifying  this  Greenland  fonn  as 
falciformis. 

External  Morphology. — Body  cylindrical,  elongate,  slender, 
smooth ;  of  about  same  diameter  throughout,  except  in  region  of  ditel- 
lum  and  extremities.  Length  of  mature  specimens  (alcoholic),  6-9  mm.; 
maximum  diameter  (clitellar  region),  approximately  0.5  nmi.  Segmenta- 
tion feebly  marked  externally,  except  in  region  of  extremities.  Surface 
between  intersegmental  grooves  smooth;  no  secondary  annulatioDS. 
Somites,  32-48;  average  of  eleven  mature  specimens,  42.  Clitellumon 
11-13;  margins  poorly  defined;  relatively  thin;  continuous  about  body. 
Set®  typically  mesenchytrseid;  sigmoid;  in  four  fan-shaped  bundles  per 
somite;  2-4  in  lateral  rows,  2-6  in  ventral  rows.  Prostomium  blunt, 
smooth,  rounded.  Head-pore  on  tip  of  prostomium.  Color  (alooboGe 
specimens),  very  light  yellow.  No  evidence  of  pigmentation  in  body- 
wall. 

Internal  Morphology. — Lymphocytes  sparse,  small,  scattoed 
throughout  coelom;  loaded  with  granules,  apparently  pigmental.  Brain 
about  as  long  as  wide;  posterior  margin  very  slightly  concave;  anterior 
margin  distinctly  emarginate,  lateral  margins  straight  and  converging 
cephalad;   close  agreement  with  original  figure  by  Eisen  (1879,  PI.  i? 
fig.  2rf).    Nephridia  of  typical  mesenchytrseid  structure;  anteseptal  part 
composed  only  of  nephrostome  borne  on  short,  slender  pedicel;  po8t- 
septal  part  enlarged,  irregular,  compressed;  efferent  duct  arising  from 
ventral  surface  near  septum.    Spermiducal  funnel  very  small;  length 
about  twice  diameter;   collar  small,  flaring;   sperm-duct  short,  thick, 
irregular,  about  5-6  times  longer  than  funnel;  diameter  of  duct  greater 
than  that  of  funnel.    Dorsal  blood-vessel  arising  in  16;   cardiac  body 
apparently  absent.    Sperm-sacs  two  in  number;  short,  extending  only 
i  n to  1 3 ;  containing  masses  of  sperm  in  mature  specimens.    0\nlsac  anj^fe*. 
extending  into  16.    Penial  bulb  very  small;  simple,  but  one  set  of  gland? 
within  bulb  proper;  apparently  no  muscle  strands  within  bulb  except  at 
base;    periphery  of  bulb  covered  with  envelope  of  loosely  associated 
gland-cells,  exact  relation  of  latter  to  bulb  uncertain;  atrium  and  atrial 
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^iands  absent.  Spermathecse  small;  short,  confined  to  5;  simple;  no 
(Uverticula;  about  same  diameter  throughout  length;  end  blindly; 
DO  evidence  of  connection  with  digestive  tract;  no  glands  at  ectal 
opening. 

Discussion 

Cardiac  Body. — The  apparent  absence  of  the  cardiac  body  in  these 
specimens  deserves  conunent.  In  spite  of  the  good  state  of  preserva- 
tion of  the  material  the  writer  has  been  unable  to  discover  any  struc- 
ture in  the  dorsal  blood-vessel  which  could  be  positively  identified  as  the 
eardiac  body.  Its  presence  is  usually  regarded  as  one  of  the  constant 
features  of  members  of  the  genus  Mesenchytraeus.  In  the  material 
studied  by  Michaelsen  (1887,  p.  370)  this  body  was  found  to  be  thin, 
very  slightly  swollen,  and  composed  of  few  cells.  In  the  Greenland 
material  the  writer  found  a  few  hints  of  what  may  possibly  be  a  very 
much  reduced  cardiac  body  but  a  definite  conclusion  was  not  possible. 

Pigment. — Evidence  of  the  presence  of  pigment  in  this  species  was 
found  in  the  lymphocytes,  which  are  heavily  loaded  with  a  dark  granular 
DOD-staining  material  resembling  that  in  the  l3niiphocytes  and  certain 
other  internal  organs  of  some  of  the  glacier  enchytrseids  (Welch,  1916). 
One  of  the  specimens  shows  a  considerable  amount  of  granular,  non- 
staining  material  in  the  chloragog  cells  throughout  the  body.  This 
material  is  in  the  form  of  minute  particles,  scattered  more  or  less  uni- 
formly throughout  the  cytoplasm. 

Ovisac. — In  the  original  description,  Eisen  (1879,  PI.  xv,  fig.  46) 
appears  to  indicate  the  presence  of  two  ovisacs  which  extend  caudad  into 
16.  Michaelsen  (1887,  p.  371)  reported  the  ovisac  as  single,  median, 
and  extending  into  19.  In  the  Greenland  material  the  ovisac  agrees  with 
Michaelsen's  description,  except  that  it  extends  only  into  16.  However, 
the  distribution  of  the  developing  egg-masses  is  such  that  perhaps  the 
apparent  discrepancy  between  the  accounts  of  Eisen  and  Michaelsen 
can  be  accounted  for.  In  cleared,  whole  specimens  the  ovisac  does  appear 
as  a  double  structure,  one  part  on  each  side  of  the  digestive  tract,  but  a 
dose  scrutiny  of  serial  sections  reveals  that  while  the  ovisac  is  median  in 
position  the  egg-masses  lie  in  two  more  or  less  parallel,  longitudinal  rows 
to  the  right  and  left  of  the  median  line  and  at  the  medial  line  the  dorsal 
and  ventral  walls  of  the  ovisac  are  in  very  close  proximity,  often  in  actual 
contact.  Thus  a  distinct  double  appearance  is  given  in  gross  prepara- 
tions and  possibly  Eisen 's  figure  might  have  been  based  upon  such  a 
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Penial  Bulb. — The  penial  bulb  in  this  species  seems  to  depart 
somewhat  from  the  mesenchytrseid  type  of  structure  which  previib 
throughout  the  genus  Mesenchytrxus,    From  the  material  at  hand  it  has 
been  very  difhcult  to  determine  the  finer  details  of  structure  and  it  may 
be  that  it  represents  a  very  simpUfied  form  of  mesenchytraeid  bulb.  The 
atrium,  atrial  glands,  and  accessory  glands  appear  to  be  lacking.   In 
serial  sections  the  bulb  consists  of  a  distinct  invagination  of  the  bo4y-wiD 
surrounded  by  cells,  apparently  of  one  kind,  which  form  the  main  bocbr 
of  the  organ.    The  peripheral  part  of  the  bulb  is  composed  of  a  hxMeiT 
constructed  la3rer  of  cells,  seemingly  glandular  in  nature,  which  meiigeE 
into  the  wall  of  the  sperm-duct.   The  writer  has  been  unable  to  detenniiie 
from  these  Greenland  specimens  the  exact  nature  of  this  peripheral  mas 
of  tissue.    It  seems  unlikely  that  it  is  some  modified  form  of  the  atriil 
glands.    Possibly  it  represents  the  peripheral  gland-cells  which  appear  in 
the  bulb  of  certain  species  having  the  lumbricillid  type  of  structure,  bal 
the  Une  of  separation  between  the  two  kinds  of  cells  is  very  prominent- 
much  more  so  than  in  lumbricilUd  bulbs.    In  some  of  the  preparatioos 
there  is  distinct  evidence  that  the  muscles  of  the  body-wall  extend  up 
along  the  Une  of  division  for  a  short  distance.    If  this  mass  of  loosely 
constructed  tissue  is  really  a  part  of  the  body  of  the  bulb,  then  there  is  a 
small  amount  of  muscle-tissue  within  the  bulb  at  its  base,  thus  resemblioK 
to  some  extent,  the  distribution  of  muscle-tissue  in  the  penial  bulb  of 
Meaenchytrseus  unalaskx  (Eisen,  1905,  p.  21,  fig.  le).    The  sperm-duct 
appears  to  empty  directly  into  the  penial  invagination. 

The  structure  of  the  penial  bulb  in  this  species  seems  to  exhibit  a^ 
departure  from  the  definition  of  the  genus  (Welch,  1920),  althou|^tli& 
other  charact<5rs  are  clearly  mesenchytraeid  and  there  is  no  doubt  as  U^ 
th6  generic  determination  of  the  specimens.  However,  the  conditio» 
of  the  material  is  such  that  the  presence  of  much-reduced  structure* 
characteristic  of  the  mesenchytrgeid  type  might  not  be  recogniiaUe.  I*^ 
such  structures  be  present,  they  are  exceedingly  small. 

MeaenchytrsBua  species 
One  collection  made  at  Umanak,  Greenland,  June  1, 1914,  contained 
nine  specimens,  all  of  which  are  badly  contorted  and  represent  varioas 
degrees  of  immaturity.    Only  three  worms  were  sufficiently  strai^t  t^ 
permit  sectioning  or  mounting  and  these  constitute  the  only  individual 
which  received  detailed,  internal  examination.     None  of  the  three  ai^ 
completely  mature  and  positive  specific  identification  is,  therefore, 
impossible.    However,  sufficient  data  were  secured  from  both  internal 
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* 

and  external  characters  to  show  definitely  that  the  material  belongs  to  the 
genus  Mesenchytrxus.  In  a  number  of  respects  resemblance  to  Mesen- 
dnjftraeuafaiciformis  is  evident,  and  it  is  possible  that  these  worms  may  be 
immature  stages  of  this  species,  since  the  collection  was  made  at  an 
earlier  date  than  the  foregoing  one.  However,  there  is  nothing  to  indi- 
cate that  the  two  collections  were  made  in  the  same  habitat  since  the 
only  other  information  accompanying  the  material  is  that  the  specimens 
were  found  "in  damp  moss." 

LUMBBICULIDJB 

The  collections  contained  one  specimen  taken  at  Umanak,  Green- 
land, July  2, 1914,  from  the  bottom  of  a  fresh-water  lake.  This  specimen 
was  submitted  to  Professor  Frank  Smith,  of  the  University  of  lUinois, 
who  kindly  made  the  necessary  identification  and  who  furnished  the 
following  description. 

Lumbrieului  Tiriefatus  (O.  F.  Miiller) 

"The  single  specimen  of  this  species  in  the  collection  is  obviously 
ifioomplete  posteriorly,  and  has  69  somites,  with  evidence  of  others  in 
an  early  stage  of  development  at  the  posterior  end.  The  maximum 
(fiameter  of  the  body  is  1.06  mm. 

"The  specimen  was  not  in  a  state  of  sexual  activity,  and  the  repro- 
ductive organs  are  only  partially  developed.  Since  the  positions  of 
these  organs  in  this  particular  species  are  subject  to  wide  variation,  it  is 
desirable  to  have  records  preserved  of  all  accurately  determined  data 
concerning  such  positions.  Spermaries  and  vestigial  spermiducal 
funnels  are  present  in  somite  8,  and  what  appear  to  be  ovaries  and 
vestigial  oviducal  funnels  are  present  in  somite  9.  In  the  right  side  of 
somites  10  and  1 1 ,  and  the  left  side  of  somite  10  are  very  small  structures 
resembUng  gonads,  though  probably  at  no  time  having  such  function. 
There  are  no  recognizable  atria  nor  spermathecse,  and  their  location 
.  cannot  be  determined  with  certainty. 

"Elisen  (1872,  p.  122)  has  reported  L.  variegaius  from  Greenland, 
Init  the  basis  for  the  identification  of  the  Greenland  specimens  with 
that  species  has  been  considered  insufficient  by  some  investigators. 
The  same  species  has  recently  been  reported  (Smith  and  Welch,  1919, 
P-  4)  from  various  locaUties  in  North  America  near  the  shores  of  the 
Arctic  Ocean  and  has  previously  been  known  in  similar  latitudes  in 
Europe  and  western  Siberia.'^ 
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Lrticle  XV.— BUDDING  IN  COMPOUND  ASCIDIANS  AND 

OTHER  INVERTEBRATES,   AND  ITS  BEARING  ON 

THE  QUESTION  OF  THE  EARLY  ANCESTRY  OF 

THE  VERTEBRATES 

By  Willi ard  G.  Van  Name 

It  is  one  of  the  remarkable  facts  r^arding  the  ascidians  that, 
though  they  exhibit  apparently  unquestionable  relationship  to  the 
^est  group  of  animals,  the  vertebrates,  and  are  classed  with  them  in 
le  phylum  Chordata,  many  of  them  have  an  asexual  method  of  re- 
txluction  in  addition  to  the  usual  sexual  one,  namely,  the  power  of 
production  by  gemmation  or  budding  and  of  forming  colonies  of  con- 
«ted  individuals,  a  habit  which  is  found  elsewhere  only  in  certain  of  the 
ffi  highly  organized  branches  of  the  animal  kingdom.  In  the  older 
ossifications  it  was  customary  to  divide  the  ascidians  into  two  primary 
(nsions,  the  simple  and  the  compound,  according  to  whether  they 
ssessed  this  faculty  or  not,  and,  on  account  of  its  convenience,  this 
^hod  of  dividing  them  is  still  in  common  use,  though  it  is  now  well 
preciated  that  the  division  is  not  a  natural  one.  This  is  proved  by  the 
^  that  some  of  the  compound  ascidians  show  much  closer  relationship 
particular  families  of  simple  ascidians  than  they  do  to  each  other,  a 
cumstance  which  has  commonly  be^n  explained  by  the  theory  that  the 
npound  ascidians  were  derived  separately  from  two  or  more  groups  of 
^ple  ascidians  by  separately  and  independently  acquiring  the  power  of 
nmation.  The  writer  himself  formerly  accepted  this  view,  which  has 
-n  and  undoubtedly  still  is  the  one  held  by  most  of  those  who  are 
t^lists  in  the  study  of  the  Tunicata,  as  well  as  by  other  zoologists, 
I  vrhich  is  apparently  implied  in  a  statement  by  Hartmeyer,  at  present 
greatest  authority  on  this  group  of  animals,  as  recently  as  the  year 
8  (Sitzungsber.  Gesell.  Nat.  Freunde  Berlin,  1918,  pp.  395-396), 
1  by  de  SelyB-Longchamps,  who  has  made  important  studies  of  the 
Iding  of  Ascidians  as  recently  as  1917  (Bull.  Sci.  France-Belgique, 
p.  271),  although  the  last-named  writer  briefly  alludes  to  the  fact 
^t  the  opposing  theor}-,  that  budding  was  an  ancestral  character  of 
'  tunicates,  requires  consideration. 

According  to  the  classifications  of  ascidians  now  in  common  use  by 
^  more  progressive  authorities,  budding  and  the  resulting  colony- 
nnation  occur  in  about  half  the  families;  in  a  majority  of  cases,  if  it 
^urs  at  all  in  a  family,  it  occurs  in  all  members  of  it,  but  there  are 
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certain  interesting  exceptions.  The  large  and  well-known  family  Styeli- 
dse  contains  both  simple  and  compound  forms,  too  closely  similar  to  eadi 
other  in  structure  to  deserve  separation  into  two  distinct  families  in 
spite  of  this  important  difference  in  their  life  history.  They  have,  however, 
often  been  divided  on  this  basis  into  two  subfamilies,  Styelinse  comprise 
ing  the  simple  and  Poly^inse  the  compound  forms.^  But,  on  doser 
examination,  we  find  here  within  narrower  limits  relationships  of  the 
same  nature  that  proved  the  division  of  all  the  ascidians  into  simple  and 
compound  forms  an  untenable  one.  Some  of  the  Polysoinse  are  unqueB* 
tionably  more  closely  related  to  certain  Styelinse  than  to  others  of  their 
own  subfamily.  There  are  certain  compound  forms  which,  thou^ 
separated  as  the  genus  Polyandrocarpa  from  the  simple  genus  Pdj/carpi. 
on  the  basis  of  their  habit  of  budding,  are  distinguished  from  the  latter 
genus  by  no  other  character  of  more  than  specific  rank.  Exactly  the  same 
condition  prevails  in  another  family  of  ascidians,  the  Diazonids,  not  at- 
all  closely  related  to  the  Styelid®.  Here  there  are  two  commonly  ac- 
cepted genera,  RhopaUea  and  RhopsdopsiSf  of  practically  identical  char- 
acter except  that  the  former  is  reported  as  not  being  known  to  reproduee 
by  budding,  while  the  latter  does  it,  though  single  individuals  are  fonned 
also. 

Evidently,  then,  if  the  conunon  theory  is  correct,  the  simple 
ascidians  or  some  groups  of  them  are  probably  still  in  processes  of  acqui^ 
ing  this  new  power;  it  must  evidently  have  appeared  very  recently  in 
such  genera  as  Polyandrocarpa  and  RhopalopsiSj  since  they  have  not 
perceptibly  differentiated  from  their  simple  allies.  Why  may  we  not 
expect  it  to  appear  in  others  now  known  only  as  simple  ascidians  and 
perhaps  even  to  develop  before  our  eyes?  It  would  certainly  be  an  inter- 
esting observation  if  we  could  detect  its  first  origin  in  some  genus  or 
family  in  which  it  is  as  yet  unknown. 

It  is  evident  that  this  theory  presupposes  a  sudden  or  at  least  an 
exceedingly  rapid  development  of  the  function  of  bud  formation  some- 
what after  the  manner  of  a  mutation,  with  either  a  complete  suppressioii 
of,  or  a  very  rapid  transition  through,  the  intermediate  stages.  We  kao*' 
of  no  ascidians  which  habitually  produce  functionless  or  incomplete  buds 
that  may  be  regarded  as  an  intermediate  stage  in  the  acquiring  of  the 
budding  function,  nor  can  we  image  how  such  incomplete  buds  could  have 
a  utility  that  would  insure  their  continued  production  with  an  increasing 
approximation  toward  a  perfection  permitting  of  their  functioning  as 

'These  Rubfamilies  ar^  no  longer  accepted  in  some  of  the  latest  works. 
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lividuals.   The  ascidians  always  have  the  faculty  of  budding  in  a  fully 
ictional  degree  or  they  do  not  have  it  at  all. 

If  we  compare  the  ascidians  that  produce  buds  with  those  that  do 
:,  we  find  that  the  former  are  almost  universally  characterized  by  two 
tares,  first,  the  individuals  or  zooids  are  of  simpler  and  less  specialized 
ucture  and,  second,  they  are  of  much  smaller  size  than  in  most  of  the 
iple  ascidians.  None  of  the  members  of  the  two  most  highly 
M^ialized  families  of  the  Ascidiacea,  the  Molgulid£e  and  Pyuridse 
Cynthiidse  of  older  classifications],  which  also  contain  many  of  the 
gest  species  of  ascidians,  ever  bud  at  all,  while  those  few  compound 
ddians  whose  zooids  attain  a  size  approaching  to  or  equalling  the 
aller  simple  ascidians,  or  approach  the  latter  in  the  increasing  complex- 
of  their  organization,  exhibit  the  power  of  budding  only  to  a  limited 
«nt,  forming  as  a  rule  only  small  or  rather  small  groups  instead  of  the 
^naive  colonies  which  the  smaller  and  more  simply  organized  com- 
und  ascidians  ordinarily  produce.  The  ascidians  being,  as  their 
togeny  shows,  a  degraded  or  degenerate  group,  descended  from  more 
^y  organized  ancestors,  it  has  been  assumed  that  the  forms  with 
aU,  simply  organized  zooids  were  the  result  of  the  continued  operation 
the  degenerating  factors  and  that  when  the  processes  had  gone  far 
'Ugh,  reducing  the  animals  to  a  condition  corresponding  to  the 
nbers  of  some  of  the  lower  divisions  of  the  animal  kingdom,  they  be- 
e  able,  like  these  lower  forms,  to  exercise  the  faculty  of  budding, 
fiut,  if  we  stop  to  consider  the  question,  difficulties  in  accepting  this 
"anient  theory  at  once  arise.  How  is  an  animal,  even  one  no  more 
l^r  organized  than  an  ascidian,  suddenly  able  to  acquire  the  power  of 
vidng  buds?  Of  course  the  budding  under  consideration  here  con- 
»  like  other  forms  of  growth  and  development,  of  cell  division  ac- 
>«nied  by  differentiation,  under  control  of  guiding  influences  the 
Y>e  of  which  we  do  not  understand,  but  the  character  of  these  con- 
ing influences  is,  in  the  case  of  the  budding  of  a  complex  multicellular 
J^,  apparently  much  more  compUcated  and  even  farther  beyond 
Understanding  than  in  the  case  of  those  which  govern  the  progres- 

differentiation  taking  place  in  the  development  of  an  egg  into  an 
>ryo  and  eventually  into  an  adult  organism.  If  a  mechanic  is  provided 
K  the  necessary  tools  and  raw  materials  he  may  build  a  complex  and 
Wceable  machine,  but  give  him  the  same  machine  and  tell  him  to 
ke  two  smaller  yet  serviceable  similar  machines  out  of  it  and  he  would 
y  likely  find  it  impossible.  This  illustration  is  only  a  remote  parallel, 
I  even  if  we  were  able  to  represent  by  a  mathematical  formula  the 
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factors  involved  in  the  development  of  an  egg  into  the  adult,  would  not 
the  representation  of  the  budding  of  a  complex  multicellular  animal  into 
two  or  more  similar  ones  require  the  introduction  of  additional  an- 
known  quantities  into  the  equation  which  is  already  beyond  our  powen 
of  solution? 

The  writer  cannot  beUeve  that  any  ascidian  or,  for  that  matter,  any 
of  the  numerous  other  invertebrates  that  reproduce  asexually  in  analo- 
gous ways  and  form  colonies  of  connected  individuals  ever  suddenljr 
'^acquired  "  such  a  function,  or  that  they  now  possess  it  unless  they  have 
continuously  maintained  it  during  the  whole  history  of  evolution,  having 
inherited  it  from  remote  ancestors  of  such  primitive  structure  that  bud- 
ding was  then  nothing  more  than  cell  division,  and  gradually  developed 
the  process  in  complexity  as,  in  the  course  of  their  phylogenetic  devdofh 
ment,  their  own  structure  became  more  complex.  Here,  as  in  other  caaeB, 
''natura  non  fecit  saltem."  Once  an  organism  loses  this  function  or 
allows  it  to  remain  latent  during  any  period  of  extensive  phykgenetie 
change  and  progress,  it  is  improbable  that  the  power  can  be  secondarily 
acquired. 

According  to  this  view  the  simple  ascidians  have  not  given  rise  to 
the  compound  ones  by  a  process  of  degeneration  in  sixe  and  in  thdr 
complexity  of  organization.  The  indications  are  rather  that  budding  was 
originally  a  faculty  common  to  all  ascidians  and  that  the  simple  asddiana 
have  lost  that  power. 

Apparently,  not  only  in  the  ascidians  but  in  the  other  groups  (/ 
invertebrates  whose  members  bud  and  form  colonies,  an  increase  in  the 
size  of  the  individuals  and  in  the  multiplication  and  complexity  of  their 
anatomical  parts  beyond  a  certain  point  is  accompanied  by  an  abandon- 
ment of  the  budding  function;  in  the  ccelenterates,  for  instance,  forms 
with  large  individuals,  as  the  sea  anemones,  are  conunonly  simple,  thoee 
with  small  individuals,  as  most  corals  and  alcyonarians  and,  in  another 
phylum,  the  Bryozoa,  are  generally  compound. 

This  circumstance  may,  of  course,  be  explained  in  at  least  two  ways, 
that  the  increase  in  size  and  complexity  of  structure  made  the  budding 
physically  and  physiologically  more  difficult,  so  that  the  power  was 
eventually  lost,  or  that  the  failure  to  divide  into  several  or  many  small 
individuals  made  possible  the  larger  growth  and  higher  development  of 
the  single  individual.  Probably  both  these  suppositions  are  correct  and 
the  causes  have  mutually  interacted.  Neither  of  them  is  opposed  to  the 
theory  of  the  development  of  the  simple  from  the  compound  ascidians. 
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The  writer  believes,  therefore,  that  the  power  of  the  budding  and 
colony  formation,  where  it  exists  at  all,  is  always  a  continuously  main- 
tained inheritance  from  the  earliest  ancestors  of  the  group.  The  fact 
that,  even  in  such  a  small  and  homogeneous  group  as  the  ascidians, 
several  quite  important  modifications  in  the  manner  and  details  of  the 
budding  process  have  been  shown  to  exist  does  not  furnish  such  a  strong 
argument  for  this  function  having  arisen  indepsndently  as  a  late  acquire- 
ment as  it  might  seem  to  at  first  sight.  We  cannot  doubt  that  the  Tuni- 
cata  living  today  are  the  survivors  of  an  ancient  group  formerly  of  much 
more  importance  than  it  is  now,  and  that  the  ascidians  and  other  sub- 
divifflons  of  it  are  also  ancient  groups.  The  great  differentiation  that  is 
shown  among  the  Tunicata,  comparatively  few  as  they  are,  indicates  a 
long  phylogenetic  history,  even  though  on  account  of  their  soft-bodied 
character  we  have  not  found  them  as  fossils.  There  probably  has  been 
ample  time  for  modifications  in  the  process  of  budding  within  the  group 
of  ascidians.  Neither  is  the  fact  that  the  most  simply  organized  tunicates 
living  today,  the  appendicularians,  do  not  reproduce  by  budding  any 
valid  argument  against  the  theory  above  advocated,  as  they  have  prob- 
^y  lost  the  function,  because  reproduction  by  budding  is  not  a  con- 
venient process  for  animals  of  f ree-swinuning  or  other  active  habits,  the 
resulting  interference  with  locomotion  and  obtaining  food  being  evident. 
'Therefore  we  see  budding  and  colony  formation  retained  (except  in 
specially  modified  forms  of  the  process  such  as  occurs  for  instance  in 
^pa)  chiefly  in  animals  that  have  a  permanently  attached  stage  in  their 
Kfe  history  or  an  alternation  of  a  fixed  and  a  free  generation. 

The  tunicates  and  the  vertebrates  being  apparently  of  conunon 
<^n,  and  in  modern  classifications  included  in  the  same  phylum  or 
Pnmary  division  of  the  animal  kingdom,  the  Chordata,  the  conclusions 
^  we  reach  regarding  the  history  of  the  Tunicata  are  not  without 

• 

interest  as  of  possible  bearing  on  the  early  history  of  the  vertebrates,  and 
it  seems  plausible  that  the  chordate  stock  at  the  time  of  the  separation 
of  the  tunicate  and  the  vertebrate  lines  of  descent  still  retained  the  habit 
of  budding  and  colony  formation  which  it  had  kept  from  its  earliest  be- 
pnninp.  The  ancestral  vertebrates  and  later  the  appendicularians  lost 
hefaculty  through  their  losing  the  fixed  stage  or  generation  in  their  life 
igtory  and  maintaining  a  free-swimming  and  active  existence  through- 
iit  their  lives;  more  recently,  the  simple  ascidians  have  also  lost  the  ^ 
eulty,  in  their  case  because  of  the  increasing  size  and  complexity  of 
ructure  of  the  individual. 
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All  permanently  attached  organisms  and  those  which  do  not  have 
some  fairly  efficient  means  of  locomotion  must  provide  not  only  for  the 
reproduction  but  for  the  wider  distribution  of  their  species.   The  penakj 
for  failure  to  do  this  is  certain  extinction.    We  find,  therefore,  in  such 
organisms,  a  free-swimming  or  at  least  an  easily  transportable  stag^; 
sometimes  there  may  be  an  alternation  of  generations  between  a  fixed 
and  a  freenswimming  form,  but  usually  the  distribution  of  the  spedeais 
provided  for  at  the  time  when  it  can  most  conveniently  and  effectivebr 
be  done,  that  is  while  the  individual  is  young  and  small;  in  the  case  of 
aquatic  animals,  by  means  of  a  freenswimming  larval  stage  which  the 
individual  passes  through  immediately  after  hatching  from  the  egg. 
Such  a  stage  may  be  short  or  long;  if  it  is  prolonged,  a  development  of 
the  reproductive  organs  to  a  functional  condition  may  occur  and  the 
animal  may  be  able  to  reproduce  without  ever  attaining  the  original 
adult  attached  stage.    The  latter,  accordingly,  becomes  superfluous  and 
may  eventually  be  lost,  and  with  it  is  lost  also  the  power  of  asexual  re- 
production which  may  have  been  maintained  in  the  attached  stage. 
Apparently  this  is  what  has  happened  in  the  appendicularians  among  the 
tunicates  and  in  the  vertebrate  branch  of  the  chordate  stock;  possiUy 
this  process  has  been  of  still  more  general  operation  and  many  others  of 
the  Metazoa  which  lead  a  free  and  active  existence  may  have  arisen  from 
the  larvse  of  attached  forms  rather  than  directly  from  ancestors  leading 
an  active  existence  throughout  their  life  history.    If  we  may  base  any 
speculations  on  the  existing  Tunicata,  manifestly  quite  aberrant  de- 
scendants of  the  original  chordate  stock,  there  was  in  the  latter  a  pro- 
longed larval  free-swimming  stage  possessing  such  chordate  characters 
as  the  dorsal  central  nervous  system,  notochord,  and  pharyngeal  gill 
clefts;  this  stage  alone  has  survived  in  the  appendicularians  and  verte- 
brates.   Both  the  larval  and  the  attached  stages  have  survived  in  the 
typical  ascidians,  though  only  in  a  degenerate  and  greatly  altered  form. 

The  conclusions  to  which  this  line  of  reasoning  leads  or  to  which  it 
lends  support  may  be  summed  up  as  follows. 

1.  The  simple  ascidians  are  not  the  ancestors  of,  but  are  derived 
from,  the  compound  forms. 

2.  Reproduction  by  budding  is  a  character  originally  inherited  by 
the  ascidians  from  their  remotest  ancestors,  though  it  has. since  been 
lost  by  some  of  them. 

3.  Increase  in  size  and  complexity  of  structure  and  an  active,  free- 
swimming  existence  are  two  factors  which  cause  loss  of  the  faculty  of 
budding. 
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4.  Budding  is  not  a  faculty  that  can  be  acquired  secondarily.  It 
is  a  complex  physiological  and  morphological  process  that  must  be  main- 
taiDed  and  gradually  elaborated  along  with  the  phylogenetic  develop- 
ment of  the  stock  to  which  the  organism  belongs.  If  lost,  it  is  lost 
permanently. 

5.  Other  invertebrates,  as  ccelenterates  and  bryozoans,  that  re- 
produce by  budding  and  form  colonies  in  a  manner  analogous  to  the 
asddians,  are  governed  by  these  same  laws. 

6.  The  ancestors  of  the  vertebrates  may  have  had,  like  the  ascid- 
iaii8,  a  fixed  adult  stage  capable  of  reproduction  by  budding;  the 
existing  vertebrates  may  be  a  development  of  the  free-swimming  larvse 
of  such  organisms,  not  of  the  fixed  stage. 

7.  That  many  of  the  existing  groups  of  free-living  animals  may  be 
the  descendants  of  larval  stages  of  attached  forms.  Attached  organisms 
Were  probably  much  more  numerous  and  important  in  the  early  period 
of  the  development  of  the  animal  kingdom  than  they  are  now. 

Although  the  reader  may  not  be  inclined  to  agree  with  most  of  the 
hypotheses  here  advanced,  the  views  above  expressed  concerning  the 
idationships  between  the  simple  and  compound  ascidians  seem  too 
strongly  supported  by  observable  facts  to  be  regarded  as  mere  guesses, 
and  the  inquiry  may  naturally  be  raised  as  to  why  the  opposite  views  are 
the  prevailing  ones  and  are  accepted  by  at  least  a  large  majority  of  the 
most  competent  authorities. 

The  reason  seems  to  be  that  the  generally  recognized  connection 
between  the  ascidian  and  vertebrate  stocks,  coupled  with  the  present 
insignificance  of  the  ascidian  branch  as  compared  with  the  vertebrate 
branch,  has  led  to  the  former  being  regarded  a  mere  oifshoot  of  the 
ancestral  vertebrates,  and  those  characters  common  to  both  branches 
(exhibited  in  the  ascidians  only  in  the  larvse)  have  been  accordingly  re- 
garded as  the  only  fundamentally  important  characters,  while  any  others, 
such  as  the  possession  of  an  attached  adult  stage  and  the  function  of  bud- 
ding, have  been  regarded  as  secondary  ones,  both  in  significance  and  in 
date  of  acquirement.    Added  to  this  we  have  the  merely  incidental  cir- 
cumstance of  the  comparatively  degenerate  character  of  the  adult 
asddian,  which  tends  to  make  the  attached  stage  appear  a  secondarily 
acquired  condition,  leading  us  to  forget  that  in  their  corresponding  adult 
stage  the  ancestral  ascidians  of  past  ages  may  have  been  animals  of 
much  higher  organization. 

It  is  possible,  then,  that  the  compound  ascidians  of  today  may 
'^present,  in  spite  of  their  considerable  degree  of  degeneracy,  a  nearer 
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approach  to  the  ancestral  vertebrates  than  is  generally  suppoeedi  and 
that  in  our  search  for  the  earliest  type  of  that  most  important  phylum 
we  must  look  for  it  in  an  attached  colony-forming  organism  rather  Urn 
in  the  worm-Uke  form  with  which  our  hypothetical  histories  of  the 
group  usually  begin.    If  the  common  ancestors  of  the  existing  CbordsU 
had  been  of  active  habits  throughout  their  life,  the  subsequent  devel- 
opment of  an  attached  adult  stage  in  one  group  (the  Tunicata)  wodd 
not  be  remarkable,  but  we  would  not  expect  to  find  in  it  the  power  of 
reproduction  by  budding. 
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rticle  XVI.— ASCIDIANS  OF  THE  WEST  INDIAN  REGION  AND 

SOUTHEASTERN  UNITED  STATES 

By  Willard  G.  Van  Name 

The  subject  of  the  present  monograph  is  one  that  has  been  neglected 
by  soologists  in  recent  times.  Nearly  twenty  years  have  elapsed  since 
he  publication  of  the  latest  of  the  principal  articles  dealing  with  it,  and 
here  is  no  comprehensive  work  bringing  together  the  scattered  informa- 
bn  which  has  appeared  in  various  publications,  many  of  them  not  easily 
^cessible  except  to  those  having  the  use  of  an-extensive  scientific  library. 
is  hoped,  therefore,  that  this  article  will  accomplish  a  little  toward 
ling  a  real  deficiency  in  zoological  literature  and  serve  as  a  step  toward 
eater  advances  in  the  future. 

The  West  Indian  marine  fauna,  besides  including  the  vicinity  of  the 
&nds  themselves,  the  Caribbean  Sea  and  Gulf  of  Mexico,  extends, 
ough  in  diminished  variety  of  species  and  with  more  or  less  admixture 
forms  from  the  colder  latitudes,  to  include  Bermuda  and  the  American 
a«t  as  far  north  as  the  vicinity  of  Beaufort,  North  Carolina,  as  well  as 
&  eastern  coast  of  South  America  to  near  the  southern  boundary  of 
'azil.  These  should,  therefore,  be  the  proper  geographical  limits  of  this 
tide  but,  as  little  has  been  recorded  about  the  ascidians  of  the  Atlantic 
ast  from  New  York  southward,  this  region  has  also  been  covered  as  well 
the  insufficient  material  at  hand  would  permit.  No  collections  from 
^  east  coast  of  South  America  have  been  available  and  very  little  has 
^n  published  concerning  its  ascidians;  that  part  of  the  region  can, 
erefore,  be  only  very  unsatisfactorily  dealt  with  here  and  still  affords 
^  almost  new  field  for  future  collecting  and  study.  The  east  coasts  of 
^xico  and  Central  America  and  the  northwestern  part  of  the  Gulf  of 
'^xico  have  also  been  very  insufficiently  investigated,  and  even  in  the 
•*^er  part«  of  the  region  there  are  smaller  sections  which  have  been  either 
t^tirely  or  partially  neglected  by  collectors.  Aside  from  all  this,  many 
^  the  known  species  are  represented  by  material  insufficient  for  the 
^^per  determination  of  their  characters  and  distribution,  and  many  of 
^6  descriptions  given  by  the  older  writers  are  so  deficient  that  their 
species  cannot  be  recognized  at  present.  It  will,  therefore,  be  appre- 
ciated that  in  the  study  of  the  ascidians  of  this  region  we  have  really 
only  made  a  beginning,  and  that  the  present  attempt  to  cover  this  large 
kid  will  have  to  be  supplemented  by  many  additions  and  corrections 
0  the  future. 
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Review  of  Literature  and  Previous  Work 

The  Hat  of  works  and  articles  giving  descriptions  or  first-hand  in- 
formation of  the  ascidians  of  the  region  this  article  covers  is  not  a  lon^ 
one,  though  numerous  other  brief  notices  and  references  occur  in  various 
works  and  papers. 

Lesueur,  1823,  in  an  article  entitled  *  Descriptions  of  several  new 
species  of  Ascidia*  (Journ.  Acad.  Nat.  Sci.  Philadelphia,  III),  described 
ten  forms,  not  all  of  which  are  recognizable  from  his  descriptions  and 
illustrations. 

Stimpson,  1852  (Proc.  Boston  Soc.  Nat.  Hist.,  IV),  added  three  more 
from  the  southern  Atlantic  States;  his  descriptions  are  brief  and  with- 
out illustrations. 

Heller,  1878,  in  liia  *Beitrage  zur  nahern  Kenntniss  der  Tunicaten' 
(Sitzungsber.  Akad.  Wiss.  Wien,  LXXVII),  described  ten  more  West 
Indian  forms,  giving  in  many  cases  fairly  detailed  descriptions  but  illus- 
trating only  the  external  appearance. 

Traustedt  in  1882  and  1883  (Vidensk.  Meddel.  naturh.  For.  Kjoben- 
havn,  ann.  1881,  1882)  published  articles  that  even  up  to  the  present 
time  remain  the  most  important  contributions  to  our  knowledge  of  the 
subject.  Sevent<*en  species  from  this  region  are  dealt  with  (not  all  of 
them  new) ;  his  descriptions  are  detailed  and  accurate  and  his  illustra- 
tions of  the  highest  merit ,  leaving  no  difficulty  in  recognizing  the  species. 
These  articles  of  Traustedt's  are  of  a  character  to  ^in  increasing  respect 
the  more  familiarity  one  has  with  the  ascidian  fauna  of  this  region. 

The  pieceding  papers  dealt  practically  exclusively  with  simple 
ascidians.  The  C^hallenger  Expedition,  though  it  did  not  collect  in  the 
West  Indies,  made  stops  at  Bermuda  and  on  the  east  coast  of  South 
America,  and  Herdman  in  his  reports  on  the  ascidians  of  that  expedition 
(Challenger  Reports,  Zool.,  VI  and  XIV)  records  a  total  of  thirteen 
species,  mostly  new,  from  the  two  regions;  the  majority  of  them  are 
compound  ascidians. 

Sluiter  (1898,  M^m.  Soc.  Zool.  France,  XI)  described  or  recorded 
twenty-seven  species  of  ascidians,  all  but  four  of  them  simple  forms,  and 
mostly  new  species,  collected  by  the  Chazalie  Expedition  in  various  part? 
of  the  West  Indies  and  on  the  northern  South  American  coast.  His 
descriptions  and  illustrations  are  by  no  means  as  full  as  those  of  Trau- 
stedt. Particularly  striking  is  the  large  numl^er  of  species  of  Po/j/carpa 
which  ho  (icscribos,  a  genus  which  in  other  West  Indian  collections  hftr^ 
been  only  scantily  representee!  as  far  as  variety  of  species  is  concerned. 
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The  Bermuda  ascidian  fauna  has  been  dealt  with  in  papers  published 
Verrill  (1900)  and  by  rtiyself  (1902). 

Michaelsen  (1908)  in  his  studies  of  the  collections  in  the  Hamburg 
lUseum  has  discussed  the  characters  and  relationships  of  certain  of  the 
est  Indian  species. 

Hartmeyer,  1909-1911,  completed  the  work  on  the  ascidians  in 
ronn's  *Tier-reich'  which  was  left  unfinished  by  Seeliger  and,  in  the 
irt  dealing  with  the  geographical  distribution,  gives  Usts  of  the  species 
the  West  Indies,  the  Bermudas,  and  the  eastern  South  American  coast; 
ao  discussions  of  the  relations  ot  these  faunas  to  those  of  other  regions, 
hich  are  valuable  contributions  to  the  Uterature  of  the  subject.  The 
?ts  are  mainly  compilations  from  the  works  of  previous  authors;  al- 
K)ugh  Hartmeyer  has  made  extensive  collections  of  ascidians  in  the 
fest  Indian  region,  he  has  published  but  httle  informaton  of  a  systematic 
haracter  regarding  them. 

References  to  a  number  of  other  papers  and  records  of  minor  impor- 
ance  will  be  found  in  the  lists  of  synonyms  given  in  the  descriptive  part 
f  the  present  article. 

Material  and  Collections  Studied 

This  account  is  based  on  an  extensive  series  of  specimens  from  Porto 
tco,  collected  by  Professor  R.  C.  Osburn  of  Ohio  State  University  and 
•4r.  R03'  W.  Miner  of  The  American  Museum  of  Natural  History  in  1914 
nd  1915,*  as  well  as  on  other  West  Indian  material  in  that  Museum; 
n  collections  made  by  myself  at  Bermuda  and  on  the  Florida  coast, 
udon  the  collections  in  the  Yale  University  Museum  which  were  placed 
t  my  disposal  tor  study,  through  the  kindness  of  Professor  W.  R.  Coe 
f  that  University.  Many  cf  the  types  and  original  specimens  of  the 
Hides  by  Professor  A,  E.  Verrill  i»nd  myself  on  the  Bermuda  species, 
«Ye  been  re-examined  and  the  list  of  Bermuda  species  revis<Hl  in  accor- 
iwice  with  the  information  which  n  study  of  the  West  Indian  material 
►ow  affords.  The  extensive  series  of  specimens  in  the  United  States 
National  Museum  has  also  been  gone  over  and  has  been  of  especial  iin- 
ortance,  not  merely  from  its  size  and  from  its  containing  several  new 
)nns,  but  because  it  consists  largely  of  dredged  material,  while  in  the 
ther  collections  material  obtained  by  collecting.,  aloni;  the  shores  pre- 
>niinated,  so  that  they  were  dc>ficient  in  specimens  from  any  but  very 
allow  water.    I  wish  to  express  my  thanks  t(  the  staff  of  the  National 

>Cxp0di€ioiui  in  ro-operation  with  the  New  York  Aradeiny  of  Srienres  aii<i  thf  Porto  Hiran  Govcrn- 
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Museum  for  the  opportunity  of  studying  these  specimens,  especiaUy  U 
Dr.  Paul  Bartsch,  Curator  of  the  Division  of  Invertebrates,  and  U 
Messrs.  Waldo  L.  Schmitt  and  C.  R.  Shoemaker  for  the  assistance  aod 
information  kindly  given  me  in  deaUng  with  this  large  collection.   In 
addition  to  the  above,  material  from  various  other  sources  has  been 
examined,  and  my  thanks  are  due  to  those  who  have  collected  or  loaned 
it  or  otherwise  assisted  me,  especially  to  Mr.  Roy  W.  Miner  of  the 
American  Museum,  to  whose  interest  and  encouragement  the  canyin^  ' 
out  of  this  work  is  largely  due. 

The  areas  best  covered  by  the  collections  studied  are  the  coasts  rf 
southern  and  western  Florida,  Bermuda,  Porto  Rico,  Jamaica,  certaiii 
of  the  Lesser  Antilles  (particularly  the  former  Danish  West  IndieB), 
parts  of  the  coast  of  the  CaroUnas,  and  Chesapeake  Bay,  but  many  addi- 
tional specimens  from  other  parts  of  the  region,  as  well  as  reliable  reocnds 
by  other  authors,  assisted  in  making  the  survey  of  the  subject  more 
complete  than  the  above  statement  would  indicate. 

The  species  represented  are  shallow-water  forms  or  those  charactCT- 
istic  of  the  continental  shelf;  only  one  really  deep-water  species  {Pyvn 
antillarum  from  496  fathoms)  was  found  in  the  collection. 

The  descriptive  part  of  this  article  deals  only  with  the  species  which 
I  have  myself  seen  and  studied.  These  number  fifty-five  from  the  West 
Indian  region  proper  and  two  additional  species  from  the  middle  At^ 
lantic  states,  to  which  must  be  added  four  forms  or  variations  not  re- 
garded as  sufficiently  distinct  to  be  treated  as  species.  On  account  of  the 
insufficiency  of  many  of  the  descriptions  it  is  uncertain  how  many  of  the 
other  species  that  have  been  described  from  this  region  are  valid  and 
distinct  from  those  dealt  with  here.  A  few  are  undoubtedly  distinct;  » 
majority  are  probably  synonymous.  No  doubt  some  of  the  uncertainty 
will  eventually  be  cleared  up  by  a  re-examination  of  the  original  speci- 
mens or  by  material  collected  in  the  type  localities.  Separate  lists  of 
species  and  forms  known  from  the  four  parts  of  the  r^on  which  have 
been  the  scene  of  the  most  thorough  collecting  are  given  at  the  end  of  this 
article,  Florida  being  credited  with  43,  Bermuda  with  31 ,  Porto  Rico  with 
26,  and  the  former  Danish  West  Indies  also  with  26. 

Collecting  in  other  places  has  not  been  sufficiently  thorough  for  the 
preparation  of  local  lists  and,  until  more  has  been  done  in  the  southern 
part  of  the  region  (the  South  American  coast  and  the  islands  near  it), 
we  must  accept  with  caution  conclusions  that  many  species  are  found 
only  in  the  northern  part,  though  present  records  seem  to  indicate  that 
this  is  the  case. 
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Bermuda  constitutes  an  isolated  outlying  district  which  many  of 
i  West  Indiian  species  do  not  appear  to  have  reached;  the  compound 
ddians  are  better  represented  there  than  the  simple  ones. 

Relationships  to  Species  of  Other  Regions 

The  relationships  of  the  West  Indian  ascidians  are,  as  would  be 
ipected,  chiefly  with  those  of  other  tropical  and  subtropical  regions 
ither  than  with  the  faunas  to  the  north  and  south,  though  with  some 
irerlapping  of  the  ranges  from  or  into  the  latter  regions  in  the  case  of 
fftain  species.  The  most  striking  instance  of  such  overlapping  is 
*09trichobranchus  pilulariSy  which  appears  to  range  from  the  Gulf  of 
t.  Lawrence,  if  not  from  farther  north,  to  the  Gulf  of  Mexico,  inclusive; 
t  kast  I  have  been  as  yet  unable  to  establish  constant  and  reliable 
Jecific  differences  between  northern  and  southern  specimens.  Molgula 
\ia\h3JUerms  and  Aplidium  (Amaroudum)  pelliicidum  have  similar  but 
«8  extensive  ranges. 

The  relationships  between  the  West  Indian  ascidian  fauna  and  those 
f  the  west  coast  of  Africa  and  the  Mediterranean  are  less  close  than 
light  be  expected,  the  identity  of  West  Indian  forms  with  those  from 
ae  or  both  of  the  above  regions  having  been  certainly  estabUshed  in 
Jy  six  or  seven  cases,  though  there  are  other  closely  allied  species  that  may 
rove  to  be  identical  and  somewhat  extend  this  list.  It  is  to  the  fauna  of 
te  Indian  Ocean,  Red  Sea,  and  Malay  region  that  the  most  significant 
lationship  exists.*  We  now  know  no  less  than  eighteen  species  which 
"e  common  to  the  West  Indies  and  the  Indo-Malayan. regions,  while  in 
te  case  of  several  more  of  them  there  are  very  closely  allied  representa- 
ves  that  may  eventually  prove  to  be  inseparable.  The  species  in  com- 
onare: 

PolffcUnum  constellatum  Corella  eumyota 

Aplidium  lobaium  Botryllus  niger 

Trididemnum  aavignii  Symplegma  viride 

Didemnum  candidum  Polyandrocarpa  maxima 

Leptodinum  macdonaldi  Polycarpa  circumarata 

Cygtodytea  deUechiaias  Styela  plicata 

PhaUufia  nigra  Pyura  momus  form  pallida 

Phallwna  sydneiensis  MirrocoHmus  exasperatus 

Rhodosoma  pellucidum  Microcosviua  helleri 


>Sotice  and  discuMion  of  thia  rolationship.  particularly  a«  concerns  the  Red  Sea  speoies,  it  con- 
wi  in  a  work  of  Michaelaen  (Denk.  Akau.  Wim.  Wien..  math. -nut.  Kl.,  part  9,  pp.  4,  5.  1010) 
fa  waa  not  received  until  the  preaent  article  was  in  type. 
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These  species  are  mostly  not  known  from  the  eastern  side  of  the 
Atlantic,  and  none  of  them  from  the  American  side  of  the  Pacific;  their 
distribution  is  not  circumtropical,  but  discontinuous.  The  West  Indies 
and  the  Indian  Ocean,  inclusive  of  the  Malay  Archipelago,  seem  to  be 
centers  of  ascidian  faunas  having  too  much  similarity  to  be  merely  the 
result  of  accidental  transportation  and  interchange  of  species,  especially 
as  the  southward  extension  of  the  American  and  African  continents  and 
the  cold  subantarctic  currents  which  flow  along  their  western  coasts 
would  seem  to  be  an  almost  insuperable  barrier  to  the  extension  of  the 
range  of  tropical  forms.  The  close  relationship  of  the  faunas  does  not 
seem  explainable  without  assuming  some  continuous  warm-water  com- 
munication within  a  comparatively  recent  geological  time.  Yet  that 
such  communication  was  through  the  Mediterranean  is  not  indicated ; 
more  probably  it  was  around  South  Africa. 

The  West  Indian  region  is  very  much  less  rich  in  ascidians  than  the 
East  Indian,  even  allowing  for  its  smaller  extent,  for  its  having  l>een  less 
studied,  and  for  the  fact  that  the  East  Indian  list  undoubtedlv  contains 
a  very  large  percentage  of  synonyms. 

The  ascidian  fauna  of  the  west  coast  of  tropical  America  is  as  yet 
little  known  and  no  species  is  on  record  as  common  to  it  and  the  West 
Indian  region. 

Identification  of  Specimens 

It  is  only  recently  that  the  great  individual  variability  in  ascidians 
of  the  same  species  and  the  very  wide  geographical  distribution  of  a 
considerable  proportion  of  the  forms  has  begun  to  be  realized.  In  the 
case  of  the  compound  ascidians  especially,  the  number  of  valid  species 
has  apj)arently  been  greatly  over-estimated.  In  certain  genera  of 
compound  ascidians,  such  as  Trididemnum^  Polycitor,  Did^rnnuw, 
Leptoclinum,  Aplidium  (inclusive  of  Amaroucium),  it  is  ver>'  hard  to  dis- 
cover reliable  characters  for  making  specific  diagnoses,  so  that,  until 
more  is  known  of  their  life  historv,  of  the  details  of  their  anatomv  and 
development,  and  the  effect  of  external  influences  on  their  growth  and 
apj)earance,  the  species  recognized  must  in  many  cases  be  regarded  as 
provisional  and  likely  to  require  more  or  less  revision  as  our  knowledge 
is  increased.  In  cases  where  there  has  been  an  opportunity  to  study  con- 
siderable series  of  specimens  a  great  deal  of  variation  is  found,  and  it  is 
evident  that  many  of  the  characters  which  have  been  emploj-ed  by 
authors  to  differentiate  supposed  species  are  of  little  or  no  value  for  such 
a  purpose.    It  is  questionable  whether,  in  soft-bodied  animals  like  the 
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ascidians,  differentiation  of  the  genera  into  a  large  number  of  slightly 
yet  definitely  separated  species,  such  as  occurs  in  insects  and  moUusks 
for  example,  is  possible.  If  it  can  and  does  occur,  we  do  not  know  how  it 
may  be  manifested — certainly  not  in  such  characters  as  those  on  which 
many  of  the  supposed  species  have  been  based. 

The  determination  of  specimens  of  ascidians  is  therefore  often  a 
matter  of  considerable  difficulty,  and  it  may  be  well  to  call  the  attention 
of  those  who  use  this  and  other  works  on  the  subject  to  the  great  allow- 
ance which  must  often  be  made  for  individual  pecuUarities,  different 
degrees  of  contraction  incident  to  preservation,  and  the  variations  in  the 
degree  of  transparency,  color  and  consistency  of  the  tissues  which  depend 
on  the  physiological  condition  of  the  animal  at  the  time  of  preservation, 
the  strength  and  nature  of  the  preserving  fluids  employed,  and  the  pres- 
ence of  other  material  which  may  give  off  substances  that  discolor, 
shrink,  or  otherwise  alter  the  tissues.  In  the  simple  ascidians  many  of 
the  more  important  characters,  as  the  number  of  folds  and  internal 
longitudinal  vessels  of  the  branchial  sac,  the  size  and  number  of  com- 
ponent glands  of  the  reproductive  organs,  etc.,  vary  with  the  age  and  size 
(or  l)oth)  of  the  individual.  In  this  connection  it  must  be  remembered 
that  size  is  influenced  not  only  by  age  but  also  by  environment  and  food 
supply,  and  that  of  two  specimens  the  smaller  one  will  often  be  the  older 
and  show  more  fully  adult  characteristics. 

The  shape  of  the  body  or  colony  and  the  character  of  its  external 
surface  are  very  liable  to  be  affected  by  the  environment,  especially  in 
those  species  which  attach  themselves  in  exposed  situations,  as  on  piles, 
rocks,  etc.  Other  species,  particularly  those  that  burj'  themselves  in 
the  sand  or  mud,  are  more  uniform  in  these  respects,  though  the  material 
in  which  they  conceal  themselves  often  affects  the  character  and  color 
of  the  test  by  adhering  to  it  and  Ixicoming  imbedded  in  it. 

With  a  series  of  specimens  at  hand  it  is  usually  possible  to  recog-  • 
nize  the  characters  of  the  species  and  to  distinguish  them  from  the  varia- 
tions due  to  the  above-mentioned  extrinsic  factors;  with  but  a  single 
specimen  this  may  be  very  difficult.  Among  the  compound  ascidians 
especially,  many  examples,  because  of  unsatisfactory'  preservation, 
immaturity,  poor  development  or  degeneration,  or  from  being  in  a 
quiescent  stage  of  growth,  present  scarcely  any  diagnostic  characters, 
and  their  positive  determination  may  be  difficult  or  impossible  unless 
they  happen  to  be  found  along  with  better  specimens  evidently  of  the 
same  kind. 
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To  SO  word  a  description  as  to  cover  all  the  numerous  variations  to 
which  these  soft-bodied  animals  are  subject,  both  from  internal  and 
extrinsic  factors,  is  manifestly  impossible.  Only  the  usual,  well-de- 
veloped, and  normal  can  be  described  and  illustrated,  as  otherwise  the 
descriptions  would  be  too  long  and  too  indefinite,  and  the  mention  of 
accidental  individual  peculiarities  would  obscure  those  of  general 
occurrence  and  real  importance.  As  a  rule,  the  type  of  structure  of  the 
reproductive  organs  and  branchial  sac,  with  due  allowance  for  possible 
immaturity  or  incomplete  development,  and  for  individual  variations 
in  the  number  of  vessels  and  component  parts  of  those  organs,  will  be 
found  to  give  the  safest  indications  in  identifying  specimens  of  simple 
ascidians;  in  the  compound  forms  the  general  habit  of  growth  and  the 
characters  of  the  colony  as  a  whole  must  be  considered  as  well  as  the 
zooids,  and  also  the  stage  in  the  Ufe  history  of  the  colony,  for  in  some 
species  the  colonies  are  known  to  pass  through  periods  of  degeneration  in 
which  many  of  the  distinctive  characters  are  lost  or  obsciu-ed.  The 
practice  of  basing  specific  distinctions  on  the  niunber  of  oral  tentacles 
seems  to  be  unwarranted;  it  is  one  of  the  characters  most  subject  to 
variation  with  age  and  with  the  individual.  Distinctions  based  on  the 
form  or  stoutness  of  soft  parts  such  as  the  lobes  of  the  branchial,  atrial, 
and  anal  apertiu-es,  the  dorsal  and  atrial  languets,  etc.,  which  change 
shape  with  the  degree  of  contraction  of  the  tissues,  likewise  appear  to  be 
practically  worthless.  The  dorsal  tubercle  is  subject  to  much  more  in- 
dividual variation  than  has  commonly  been  assumed.  No  general  rule 
can,  however,  be  given;  a  certain  character  may  be  very  constant  and 
of  diagnostic  importance  in  one  genus  or  family,  yet  in  another  it  may  be 
entirely  unreliable.  While  it  is  hoped  that  the  descriptions  and  figures 
here  given  will  enable  those  with  a  little  zoological  knowledge  to  identify 
most  of  their  specimens,  they  must  not  expect  to  be  always  able  to  do  so 
without  dissection  and  microscopical  examination  of  some  of  their 
material,  and  (especially  in  the  compound  species)  without  some  per- 
severance in  the  study  of  the  subject.  Such  analytical  keys  as  have  been 
given  in  other  works  usually  prove  total  failures  when  tested. 

Classification  and  Phylogeny  of  the  Ascidians 

The  classification  followed  is  substantially  that  adopted  in  recent 
works  of  Hartmeyer.  Attention  is  called  to  the  change  in  the  applica- 
tion of  the  name  Tethyum,  which  is  here  used  for  a  section  of  the  old 
genus  Halocynthiaj  as  Huntsman  (1912)  has  shown  to  be  required  by  the 
law  of  priority,  Pyura  being  retained  for  the  remaining  members  of  the 


1921]  Van  Name  J  Ascidians  of  the  West  Indian  Region  291 

genus.  The  names  Styela  and  StyelidsS;  Molgvla  and  Molgulidse,  and 
Polycarpa  are  restored  to  use  in  their  old  and  familiar  appUcations  (see 
Hartmeyer,  1914),  a  change  which  will  certainly  be  welcome. 

It  will  be  observed  that  I  have  reversed  the  usually  adopted  order  in 
treating  the  families  and  orders  so  that  the  compound  ascidians  precede 
the  simple  ones.  This  is  because  my  present  view  regarding  the  relation- 
ships of  the  several  famiUes  and  orders  is  radically  different  from  that 
which  the  generally  adopted  arrangement  represents. 

It  can  hardly  be  an  unsafe  statement  to  make  that  most  zoologists, 
including  a  majority  of  those  who  have  specialized  in  the  study  of  the 
Tunicata,  hold  that  the  compound  ascidians  have  been  derived  from 
simple  ascidians  by  a  decrease  in  the  size  and  complexity  of  structure  of 
the  individuals  and  by  the  acquirement  of  the  power  of  budding.  All 
recent  authors  have,  however,  recognized  the  fact  that  some  compound 
ascidians  were  more  closely  related  to  certain  simple  ones  than  to  each 
other,  and,  to  explain  this,  the  assumption  has  been  made  that  the  power 
of  budding  has  been  independently  acquired  in  two  or  more  different 
groups  of  ascidians. 

This  hypothesis  has  become  less  and  less  satisfactory  to  me  in  the 
course  of  my  studies  of  the  Tunicata,  since  it  is  very  difficult  to  imagine 
how  an  animal  of  apparently  unquestionable  relationship  to  the  highest 
forms  of  animal  life  should  suddenly  acquire  this  extraordinary  power, 
otherwise  found  only  in  the  lower  phyla.  The  advocates  of  the  prevail- 
ing theory  must  assume  that  the  function  has  developed  very  rapidly 
if  not  suddenly.  We  have  examples  of  closely  allied  ascidians  distin- 
guished by  characters  of  no  more  than  generic  or  even  specific  impor- 
tance; one  member  of  these  pairs  of  allied  forms,  however,  produces  buds 
and  forms  colonies,  the  other  does  not.  Such  instances  are  afforded  by 
the  genera  Polycarpa  and  Polyandrocarpa  in  the  Styelidse,  by  Rhopalsea 
and  Rhopalopsis  in  the  Diazonidse,  and  by  the  close  relationships  between 
the  Phallusiidae  and  Perophoridae.  Such  pairs  of  closely  related  simple 
and  compound  genera  would  indicate,  according  to  the  usually  accepted 
theory,  that  the  budding  power  has  been  very  recently  acquired,  since 
no  other  important  morphological  differentiation  has  since  taken  place. 
Moreover,  were  the  process  a  gradual  one,  it  would  be  expected  to  begin 
with  the  development  of  incomplete  non-functional  buds,  and  it  is 
difficult  to  see  how  any  utiUty  could  insure  the  continued  production  of 
such  buds  (with  progress  toward  perfection)  until  a  complete  functional 
individual  could  be  produced.  As  a  matter  of  fact,  we  know  of  no 
ascidians  habitually  producing  such  rudimentary  or  imperect  buds. 
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They  have  the  power  of  budding  fully  developed  and  functional,  or  they 
do  not  have  it  at  all. 

The  above-mentioned  and  other  difficulties  regarding  the  acquire- 
ment of  this  power  are  removed  if  we  assume  that  budding  was  a  func- 
tion formerly  possessed  by  all  Tunicata;  that  it  was  inherited  from  an- 
cestors so  remote  and  so  simple  that  their  budding  was  nothing  more  than 
cell  division ;  and  that  the  physiological  process  has  been  continuously 
maintained  and  gradually  developed  in  complexity  as,  in  the  phylo- 
genetic  historj*^  of  the  group,  the  morphological  structure  has  become 
more  complex  and  more  highly  organized.  Certain  of  the  aseidians  have 
lost  this  function,  perhaps  largely  on  account  of  their  increase  in  size 
ard  their  development  of  a  more  complex  organization  (a  similar  loss 
of  the  budding  function  takes  placx?  in  the  large  actinians),  and  I  do  not 
believe  that  groups  in  which  the  function  has  been  abandoned  or  disused 
throughout  any  period  of  extensive  phylogenetic  development  can  again 
acquire  it.  Reproduction  by  budding  being  an  inconvenient  method 
for  animals  of  active  habits,  owing  to  the  increased  difficulty  of  locomotion 
and  obtaining  food,  it  is  not  surprising  that  we  do  not  find  it  retained  in 
the  appendicularians,  and  its  loss  or  absence  in  that  group  present.^  no 
strong  argument  against  the  view  here  advocated. 

An  extended  discussion  of  this  question  and  of  the  conclusions  to 
which  it  might  lead,  would  be  out  of  place  in  a  systematic  article  of  this 
character,  but  the  above  statement  will  indicate  my  reasons  for  changing 
the  order  in  which  the  several  groups  are  arranged  and  for  abandoning 
the  subfamilies  Styelinae  and  Polyzoina?  as  an  unnatural  subdivision  of 
the  Styelidai.  I  have  likewise  united  the  Perophoridae  and  Phallusiidae, 
as  their  relationships  are  similar  to  those  between  the  compound  and 
simple  Styelidae.  I  wiH  only  add  that,  if  accepted,  this  view  lends  in- 
creased importance  and  a  necessarily  high  degree  of  antiquity  to  the 
adult  fixed  stage  of  the  ascidians,  and  no  longer  permits  us  to  regard  the 
latter  merely  as  a  comparatively  latel}'  acquired  degenerative  modifica- 
tion of  a  free-swimming  type  of  organism.^ 

Other  departures  from  the  now  accepted  classification  are  for  the 
most  pirt  small  and  are  sufficiently  explained  where  they  occur;  they 
consist  chiefly  in  the  reduction  of  certain  slightly  distinguished  genera  to 
subgenera.  Unfortunately,  it  seems  necessary-  to  take  this  course  in  the 
case  of  the  well-known  genus  Arnaroucium.  Not  only  are  the  characters 
separating  it  from  Aplidium  Savigny,  1816,  unimportant  and  variable, 

>See  another  article  ('  Budding  in  Cunipound  Ascidians  and  Other  Invertebratefi,  and  Its  Bearing 
on  the  Question  of  the  Karly  Ancestry  of  the  Vertebrates'),  by  the  writer,  in  this  volume  (pp.  275  to  282) 
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but  there  are  a  number  of  intermediate  species  making  any  separation 
of  the  two  genera  a  purely  arbitrary  one.  Its  retention  in  modern  classi- 
fications is  due  chiefly  to  its  long-established  use  for  a  number  of  well- 
known  species,  and  to  the  belief  that  if  the  two  genera  were  combined 
the  resulting  group  would  be  **too  large.'*  The  latter  argument  should 
carr>'  very  little  weight.  If  there  are  large  genera  in  nature  there  must 
also  be  large  genera  in  our  classification  if  it  is  to  reflect  nature;  for  the 
convenience  of  specialists  these  can  be  divided  into  subgenera  or  sections. 
For  all  who  are  not  specialists  large  genera  are  vastly  more  convenient 
than  small  ones.  If  we  recognize  Amaroucium  as  distinct  from  Aplidiumy 
most  of  the  known  species  have  to  go  in  the  former,  so  that  we  have  one 
rather  large  genus  anyway,  unless  indeed  a  large  percentage  of  the  sup- 
posed species  prove  to  be  synonyms,  a  probability  which  is  by  no  means 
remote.  It  seems,  therefore,  to  be  time  to  reduce  Amaroucium  to  the 
grade  to  which  it  is  entitled,  that  of  a  subgenus  or  section;  it  has  no 
place  among  genera  distinguished  by  real  and  definite  structural  char- 
acters and  it  encumbers  and  impairs  the  natural  character  of  our  classi- 
fication if  so  included. 

Several  genera  of  the  Didcmnidse,  though  distinguished  by  better 
and  more  constant  characters  than  Amaroucium,  do  not  merit  exception 
from  similar  treatment.  Higher  rank  than  a  subgenus  of  Didemnum 
does  not  seem  to  be  deserved  by  Teiradidemnum  Delia  Valle,  1881,  Poly- 
si/ncraton  Nott,  1891,  and  Leptoclinides  Bjerkan,  1905,  although  in 
previous  articles  I  have  employed  them  as  genera.  Of  these,  only  Poly- 
syncraion  is  represented  in  the  region  covered  by  this  article;  the  diffi- 
culty of  separating  it  from  Didemnum  has  already  been  noted  by  Hart- 
nieyer,  1912a,  p.  325.  Even  in  its  comprehensive  sense,  Didemnum  will 
probably  not  prove  to  be  a  very  large  genus,  since  a  very  large  proportion 
of  its  supposed  species  are  apparently  synonyms.  Moreover,  all  these 
minor  groups  are  retained  as  subgenera  and  the  names  remain  as  avail- 
able as  before  for  those  who  wish  to  designate  the  subdivisions  which 
they  denote  or  who  prefer  to  use  the  subgeneric  rather  than  the  generic 
names  as  the  first  part  of  their  binomials. 

Nomina  Conservanda 

The  confusion  resulting  from  the  brief  diagnoses  which  were  custom- 
ary and  the' imperfect  understanding  of  the  nature  and  relationships  of 
many  of  the  marine  invertebrates  which  prevailed  during  the  early  de- 
velopment of  zoological  nomenclature  makes  the  application  of  the  law  of 
priority  to  the  ascidians  ver>'  uncertain  and  leav(»s  the  validity  of  many 
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important  and  familiar  names  more  or  less  open  to  question.  I  fuUy  agree 
with  the  belief  of  many  that  the  law  of  priority  alone,  unsupported  by  the 
decrees  of  some  body  having  internationally  recognized  authority,  can- 
not bring  about  stability  of  nomenclature.  A  list  of  nomina  conservanda 
(Timicata  by  Hartmeyer,  Michaelsen  and  Sluiter)  has  been  published  by 
Apstein  (1915),  and  extended  and  explained  so  far  as  the  ascidians  are 
concerned  by  Hartmeyer  (1915).  It  is  my  belief  that  neither  per- 
sonal preferences  for  particular  names  nor  prejudices  against  others  nor 
animosity  due  to  the  late  war  should  be  permitted  to  stand  in  the  way  of 
attaining  a  stable  nomenclature,  and  I  would  be  glad  to  see  this  list  of 
names  authorized  by  the  next  International  Zoological  Congress.  I 
cannot,  however,  see  any  justification  for  using  a  name  that  appears  to 
violate  the  law  of  priority  until  after  such  authorization  has  been  given. 
Nevertheless,  I  have  in  the  present  article  called  attention  to  the  changes 
which  the  above  list  will  make  if  adopted,  by  noting  the  proposed  nomen 
conservandum  (when  different)  under  the  headings  of  the  several  species 
affected. 

The  real  importance  of  such  a  list  of  notnina  conservanda.  is  not  the 
restoration  of  familiar  names  but  the  permanent  preservation  of  name« 
against  being  invalidated  by  objections  raised  against  them  in  the  future. 
Unfortunately,  it  affords  no  protection  against  the  unrestrained  splitting 
of  genera  which  is  practised  by  many  zoologists,  which  has  been  carried 
to  such  an  extent  in  some  groups  of  the  animal  kingdom  that  the  nomen- 
clature has  lost  all  the  convenience  and  advantages  that  the  binomial 
system  should  (and  formerly  did)  afford.  Nothing  can  protect  us  against 
such  offenders  but  the  exercise  of  good  judgment  and  a  determination 
to  be  governed  in  the  acceptance  of  genera  by  the  requirements  of  a 
nomenclature  which  will  be  convenient  for  general  use.  Its  permanence 
should  not  be  sacrificed  on  account  of  trivial  considerations. 

List  of  Species  Described  and  Figured 

As  stated  above,  the  descriptive  part  of  this  article  deals  only  with 
the  species  that  I  have  seen  and  studied.  For  additional  species  described 
by  other  authors  the  reader  is  referred  to  the  alphabetic  list  of  names 
and  synonyms  in  the  last  part  of  this  article,  where  references  to  the 
original  description  and  other  important  literature  are  given. 

The  57  species  that  are  described  are  listed  below.  SeVen  of  them 
Didemnum  fusiferum,  Holozoa  bursataj  Polydtor  (Eudistoma)  hepaticu^, 
Polyandrocarpa  sabanilUey  Polyandroca^rpa  (Etisynstyela)  fioridana, 
Pyura  antUlarunij  and  Teihyum  microspinosum,  are  apparently  new  to 
science. 
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Stnoicida 

1.  PolycUnum  canateUatum  Savigny,  1816 

2.  ApUdium  lobatum  Savigny,  1816 

3.  Aplidium  {Amaroucium)  hermudx  (Van  Name),  1902 

4.  ApLidium  {Amaroucium)  steUatum  (Verrill),  1871 

5.  Aplidium  {Amaroucium)  pellucidum  (Leidy),  1855 

5a.  Aplidium  {Amaroucium)  peUucidum  form  conateUatum  (Verrill),  1871 

6.  Aplidium  {Amaroucium)  exHe  (Van  Name),  1902 

DiDEMNIDiE 

7.  Trididemnum  aavignii  (Herdman),  1886 

7a.  Trididemnum  savignii  form  poriies  (Van  Name),  1902 

8.  Trididemnun  eolidum  (Van  Name),  1902 

9.  Trididemnum  orbiculatum  (Van  Name),  1902 

10.  Didemnum  candidum  Savigny,  1816 

10a.  Didemnum  candidum  lutarium  (Van  Name),  1910 

1 1 .  Didemnum  fusiferumf  new  species 

12.  Didemnum  {Polysyncraton)  amethysteum  (Van  Name),  1902 

13.  LeptocKnum  macdonaldi  (Herdman),  1886 

14.  Lissoclinum fragile  (Van  Name),  1902 

15.  Echinodinum  verrilli  Van  Name,  1902 

POLTCTTORIDiB 

16.  Polycitor  {Eudiaioma)  olivaceua  (Van  Name),  1902 

16a.  Polycitor  {Eudistoma)  olivaceus  form  obscuratue  (Van  Name),  1902 

17.  Polycitor  {Eudistoma)  convexua  (Van  Name),  1902 

18.  Polycitor  {Eudistoma)  hepaticuSf  new  species 

19.  Polycitor  {Eudistoma)  dams  (Van  Name),  1902 

20.  Polycitor  {Eudistoma)  capsulatus  (Van  Name),  1902 

21.  Clavdina  oblonga  Herdman,  1880 

22.  CUvdina  gigantea  (Sluiter),  1919 

23.  Cystodytes  deUechiaix  (Delia  Valle),  1877 

24.  Holozoa  bermudensis  (Van  Name),  1902 

25.  Holozoa  bwrsata,  new  species 

DlAZONID^ 

26.  Khopalaa^  abdominalis  (Sluiter),  1898 

PHALLUBIIDiG 

27.  Perophora  viridis  Verrill,  1871 

28.  Edeinascidia  twbinata  Herdman,  1880 

29.  Phallusia  nigra  Savigny,  1816 

30.  Phallusia  hygomiana  Traustcdt,  1882 

31.  Phallusia  sydneiensis  (Stimpson),  1855 

32.  Phallusia  curvata  Traustedt,  1882 
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RhODOSOM  ATIDiG 

33.  Rhodoaoma  peUucidum  (Stimpson),  1855 

34.  Corella  minuta  Traiistedt,  1882 

BOTRYLLID^ 

35.  Bolryllus  schlosseri  (Pallas),  1766 

36.  BotryUus  (BotryUoides)  niger  (Herdman),  1886 

STYELIDiE 

37.  Symplegma  viride  Herdman,  1886 

37a.  Symplegma  viride  brakenhielmi  (Michaelsen),  1904 

38.  Polyandrocarpa  sabanilUSy  new  species 

39.  Polyandrocarpa  maxima  (Sluiter),  1904 

40.  Polyandrocarpa  (Eusynstyela)  tincta  (Van  Name),  1902 

41.  Polyandrocarpa  {Eusynstyela)  floridanaj  new  species 

42.  Polycarpa  obtecia  Traustedt,  1883 

43.  Polycarpa  spongiabilis  Traustedt,  1883 

44.  Polycarpa  circumarata  (Sluiter),  1904 

45.  Styela  partita  (Stimpson),  1852 

45a.  Styela  partita  bermudensis  Van  Name,  1902 

46.  Styela  plicata  (Lesueur) ,  1823 

47.  Styela  atlantica  (Van  Name),  1912 

48.  Tethytim  microspinosum,  new  species.    [Possibly  not  West  Indiai 

49.  Pyura  vittata  (Stimpson),  1852 

50.  Pyura  antillarum^  new  species 

51.  Pyura  momus  form  pallida  (Heller),  1878 

52.  Microcoamus  exasperatus  Heller,  1878 

53.  MicrocoHmus  helleri  Herdman,  1881 

MOLGULID^ 

54.  Molgiila  occideritalis  Traustedt,  1883 

55.  Molgula  rnanhattensis  (De  Kay),  1843 

56.  Molgula  lutulenta  (Van  Name),  1912 

57.  Botitrichobratichus  pilularis  (Verrill),  1871 

In  addition  to  the  forms  listed  above  Polycarpa  fibrosa  (St 
1852,  a  northern  species,  ranges  southward  in  deeper  water  off 
into  the  latitudes  covered  in  this  paper.    A  poor  and  somewhat 
specimen  is  recorded  from  39°  56'  30"  N.,  70°  59'  45"  W.,  238 
See  Van  Name,  1912,  under  name  Pandoci a  fibrosa. 

Among  the  species  of  other  authors  not  represented  in  tl 
tions  studied,  the  following  seem  deserving  of  special  mention  as 
not  synonyms  of  any  of  the  above  (see  references  on  pp.  483,  4 
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Corella  eumyota  Traustedt,  1882 
Ascidiella  styeloides  (Traustedt),  1882 
Microcoftmiis  anchylodeirus  Traustedt,  1883 
Molgtila  eugyroides  Traustedt,  1883 
Molgida  contorta  Sluiter,  1808 

The  following  three  species  from  New  England  are  likelj"  to  be  found 
to  range  southward  along  the  coasts  of  the  Middle  States  in  shallow 
water  on  sandy  bottom.    See  Van  Name,  1912. 

Molgula  arenata  Stimpson,  1852  (syn.  Csesira  arenata) 
Molgula  robusta  (Van  Name),  1912  (syn.  Caesira  robusta) 
Molgula  singularis  (Van  Name),  1912  (syn.  Cacsira  singularis) 


Descriptions  of  Species 

The  descriptions  here  given  have  been  prepared  from  material  from 
the  region  covered  by  this  article  and  are  not,  except  where  indicated, 
based  on  the  statements  of  other  authors.  The  brief  statements  of  some 
of  the  principal  characters  given  under  the  headings  of  the  families  and 
genera  are  not  intended  as  complete  diagnoses  but  are  for  the  con- 
venience of  those  whose  unfamiliarity  with  the  classification  of  the 
ascidians  would  otherwise  make  it  necessary  to  refer  to  other  works  for 
this  general  information.  For  a  full  stat<>ment  of  generic  and  family 
characters,  the  reader  should  consult  Hartmeyer\s  work  (1909-1911)  in 
Bronn^s  ^Tier-reich,'  III,  supplement,  pp.  1281-1773. 

The  text  figures  are  from  drawings  by  the  author,  and  have  been 
made  somewhat  diagrammatic.  In  the  illustrations  of  the  branchial 
sacs  the  folds  are  shown  lying  in  their  natural  positions,  hence  covering 
partially  or  completely  the  flat  intervals  of  the  sac  or,  when  the  folds 
are  ver}^  high,  also  the  bases  of  the  folds  next  above.  The  illustrations 
represent  chiefly  the  internal  parts  but,  as  in  the  case  of  the  external 
characters,  the  internal  organs  may  exhibit  great  differences  in  apix»ar- 
ance,  size,  and  form  due  to  different  state.s  or  degrees  of  development  and 
functional  activity;  this  must  be  kept  in  mind  when  using  such  char- 
acters for  the  determination  of  species. 

The  external  form  and  appc»aranco  of  most  ascidians  varies  so 
greatly  and  is  so  much  modified  by  the  conditions  and  circumstances  of 
the  preservation  of  the  material  that  illustrations  of  the  external  features 
are  generally  but  a  poor  guide  in  identification  of  sf)ecim(»ns.  Often,  in 
fact,  they  are  misleading.  Such  illustrations  (reproduced  from  photo- 
graphs) of  many  of  the  species  here  described  will,  however,  be  found  in 
previous  articles  (1902,  1910,  1912,  1918)  by  the  writer. 
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In  view  of  the  very  detailed  descriptions  of  certain  compound 
ascidians  (taking  account  of  histological  characters,  minute  differences 
in  the  size  and  shape  of  soft  parts  subject  to  contraction,  etc.)  that  have 
recently  been  pubUshed,  it  seems  worth  while  once  more  to  call  the  read- 
ers' attention  to  the  remarks  regarding  variability  made  on  the  preceding 
pages  (see  p.  288)  and  to  state  that  the  brevity  of  some  of  the  descrip- 
tions here  given  is  due  to  the  large  amount  of  material  studied  having 
shown  the  variabiUty  of  such  characters  in  specimens  undoubtedly  of  the 
same  species,  and  their  unreliability  or  absolute  uselessness  in  diagnosing 
species  or  identifying  specimens. 


Explanation  of  Lettering  on  Illustrations 

sA 

atrial  orifice 

I 

liver 

br 

branchial  orifice 

k 

languet 

ccl 

common  cloacal  apertiu'e 

h) 

larva 

ecp 

endocarp 

nib 

muscle  band 

em 

embryo 

mp 

muscular  process 

en 

endostyle 

od 

oviduct 

9 

gonad 

oe 

oesophagus 

gc 

gastric  csecum 

r 

rectum 

ilv 

internal  longitudinal  vessel 

rf 

rudimentary  fold 

in 

intestine 

sd 

sperm  duct 

ing 

intestinal  gland 

St 

stomach 

ip 

incubatory  pouch 

trv 

transverse  vessel 

k 

kidney 

vp 

vascular  procens 

Order  Aplousobranchiata  Lahille 

[  =  Krikobranchia  Seeliger] 

Compound  ascidians  having  the  body  divided  into  two  or  three  distinct  parts 
or  segemente  (thorax,  abdomen,  and  sometimes  post-abdomen),  the  digestive  tract 
and  reproductive  organs  being  situated  in  the  posterior  part  or  parts  of  the  body. 
Tentacles  simple;  branchial  sac  without  folds  or  internal  longitudinal  vessels. 


SsmoicidsB  Hartmeyer,  1908 
[  =  PolyclinidsB  arid,  mvlt.] 

Body  consisting  of  three  divisions  or  segments,  the  last  (post-abdomen)  con- 
taining the  reproductive  organs  and  heart.  Budding  by  segmentation  of  the  post- 
abdomen. 

PoLYciJinTM  Savigny,  1816 

Post-abdomen  a  small  oval  sac  connected  by  a  narrow  elongated  neck  with  the 
abdomen.  Stomach  wall  smooth,  intestine  twisted  into  a  closed  loop  posterior  to 
the  stomach.     Inner  aspect  of  transverse  vessels  of  branchial  sac  with  small  papilbe. 
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Polyclinum  constellatuin  Savigny,  1816 

Figures  1  and  2 

1816.    Polyclinum  consteUatum  Savigny,   'M6m.  s.  1.  animaux  sans  vertdbres, '  pt. 

2,  p.  189,  PI.  IV,  fig.  2;  PI.  xviii,  fig.  1. 
1820.    Polyclinum  consteUatum  Savigny-Oken,  Isis,  pp.  660, 874,  figs,  on  Pis.  xii  and 

XVIII. 

1891.     Polyclinum    conMteUatum    Herdman,   Joum.    Linn.    Soc.    London,    Zool., 

XXIII,  p.  619. 
1905.    Polyclinum  festum  Hartmeyer,  Zool.  Jahrbucher,  Syst.,    VIII,    suppl.,    p. 

401,  PL  XIII,  figs.  6,  7. 
1909-1911.    Polyclinum    consteUatum    -f-    P-  festum  Hartmeyer,    Bronn's   *Tier- 

reich,*  III,  suppl.,  pp.  1461, 1640, 1641. 
1912.    Polyclinum  consteUatum  Hartmeyer f  'Deutsch.  Tief8ee-Exp.,'XVI,  p.  334. 
1916.    Polydinum    consteUatum    +    P-  festum   Hartmeyer,   Sitzungsber.    GeseU. 

naturf.  Freunde,  Berlin,  ann.  1915,  p.  429. 

1918.  Polydinum  festum  YsLTi^Sime,  Bull.  U.  S.  Nat.  Mus.,  No.  100,  I,  p.  162, 

fig.  111. 

1919.  Polydinum    consteUatum    Michaelsen,     Jahrb.     Wiss.     Anst.,     Hamburg, 

XXXVI,  Suppl.,  p.  87. 
1919.    Polydinum  conMeU'num  Michaelsen,  Denkschr.  Akad.  Wiss.  Wien,  math.- 
nat.  Kl.,  XCVII,  part  9,  p.  10. 
For  other  possible  synonyms  see  the  above  articles  of  Michaelsen  (1919). 

This  species  forms  colonies  of  a  grayish-brown  color  which,  when  of 
small  or  medium  size,  tend  to  assume  a  capitate  oval  or  pyriform  shape. 
The  attachment  is  by  the  smaller  end;  the  top  may  be  rounded  or  more 
or  less  flattened.  Larger  colonies  often  become  broader  and  sometimes 
even  assume  expanded  and  flattened  or  umbrella-like  forms,  but  the  area 
of  attachment  is  usually  small,  so  that  much  of  the  base  of  the  colony, 
as  well  as  the  sides  and  top,  are  free,  though  the  zooids  are  chiefly  con- 
fined to  the  upper  portions.  In  some  cases  the  basal  part  of  the  colony 
tapers  gradually  to  the  size  of  the  attached  area,  but  a  distinct  pedicel 
is  rarely  developed,  not  even  a  very  short  one,  the  colony  being  sessile 
on  the  object  on  which  it  grows.  Some  colonies  are  cleft  into  two  or  more 
distinct  lobes;  these  are  perhaps  often  separate  colonies  that  have  grown 
together  more  or  less  at  the  base.  Naturally,  among  the  numerous 
examples  collected,  there  are  many  which  vary  greatly  in  shape  from  the 
above-described  usual  types. 

In  all  but  the  smallest  colonies  the  zooids  are  arranged  in  several  or 
many  distinct  systems.  The  small  round  or  oval  common  cloacal  orifices 
are  scattered  over  the  surface  of  the  colony  at  distances  of  a  centimeter 
apart,  or  less.  Each  orifice  opens  from  a  small  common  cloacal  cavity, 
into  which  several  branching  cloacal  ducts  or  groups  of  individual  ducts 
open.    These  lead  from  the  atrial  orifices  of  the  individual  zooids;  the 
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Fi((H.  I  und  2.     Polyclinum  cnmkUalnm  tiiavigity,  1816 


latter  are  arranged  in  shoit  curved  rows  and  dusters.  The  arrangement 
of  the  zocids  and  manner  of  branching  of  the  cloacal  ducts  is  shown  in 
Fig.  2.  In  many  specimens  the  anterior  ends  of  the  zooids,  the  small 
six-lobed  branchial  orifices,  and  the  cloacal  orifices,  maj'lje  very  diatinctlj 
seen  on  the  surface,  and  the  course  of  the  cloacal  duets  and  the  limits  of 
the  systems  very  easily  followed.  In  other  cases,  at  least  in  alcoholic 
material,  winie  or  all  of  these  features  may  l>e  greatly  obscure<i  by  the 
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dark  pigmentation  of  the  test  and  the  contracted  condition  of  the  colony. 
As  already  noted,  the  systems  do  not  generally  occupy  the  entire  surface 
of  the  colony;  on  parts  of  the  sides  and  on  the  lower  portions  near  the 
area  of  attachment  they  are  generally  wanting. 

The  pear-shaped  or  ellipsoidal  colonies  become  30  to  40  mm.  high 
and  30  to  60  nun.  in  diameter  near  the  top,  or  occasionally  larger.  One 
very  low  but  wide  colony  is  160  mm.  across  the  upper  surface,  though 
no  more  than  18  to  20  nmi.  high  at  any  point,  its  attachment  being  by  a 
small  central  area  on  the  lower  side.  Surface  of  colony  generally  smooth 
but  not  shiny,  and  generally  free  from  incrusting  sand;  if  a  coating  of 
sand  is  present,  it  does  not  pervade  the  interior  of  the  colony  to  any  con- 
siderable extent.  Test  usually  dark-colored,  of  gelatinous  consistency. 
In  the  alcoholic  specimens,  at  least,  it  is  much  firmer  toward  the  outside  of 
the  colonies  than  in  the  center,  where  it  becomes  very  soft  and  there  may 
be  a  large  cavity.  This,  however,  does  not  have  any  connection  with 
the  cloaeal  cavities.  The  dark  color  is  due  chiefly  to  pigment  grains  in 
the  test  cells  and  in  some  of  the  cells  in  the  tissues  of  the  zooids.  A  few 
colonies  show,  in  the  preserved  state  at  least,  ver>'  little  pigmentation, 
and  are  yellowish  or  light  grayish. 

Zooids,  when  expanded  and  straightened  out,  5  to  6  mm.  long  or 

more;  the  thorax,  with  the  long  branchial  sac,  occupying  nearly  half  the 

total  length  of  the  body.    The  abdomen  and  the  thorax  are  separated 

by  a  narrow  neck,  and  the  pear-shaped  post-abdomen  is  also  connected 

to  the  abdomen  by  a  neck  of  considerable  length.    The  post-abdomen 

arises  from  one  side  of  the  abdomen  and  generally  lies  with  its  axis  more  or 

loss  at  right  angles  or  at  least  very  obliquely  to  that  of  the  rest  of  the  body. 

Branchial  orifice  with  six  lobes,  which  are  rather  long  and  pointed 

e^xcept  in  greatly  contracted  specimens;  atrial  orifice  a  large  plain- 

o<lgcd  oval  opening,  from  the  front  border  of  which  a  narrow  pointed 

l^^nguet,  extremely  long  in  some  individuals,  has  its  origin. 

Four  first  order,  four  second  order  and  eight  third  order  tentacles 

«^t^  present,  and  in  well-preserved  material  fourth  order  tentacles  can 

*^l«o  Ix?  demonstrated  in  the  intervals  l)etween  the  larger  ones,  making 

^hc  nonnal  number  32  when  all  are  present.    In  some  individuals,  at 

^^ast,  the  first  order  tentacle  in  the  median  dorsal  position  is  larger  than 

^he  other  three. 

Dorsal  languets  narrow  and  pointed,  arising  from  the  median  dorsal 
Vessel  but  fused  with  the  transverse  vess(»ls  of  the  left  side  of  the  branchial 
^c  for  a  distance  equal  to  the  width  of  four  or  five  stigmata  so  that  they 
appear  to  arise  from  the  transv(»rs<»  vessels. 
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Branchial  sac  with  14  to  18  rows  of  stigmata  with  from  19  to  22 
stigmata  in  a  row  on  each  side  of  the  body,  except  in  the  most  posterior 
rows,  where  the  sac  becomes  narrower  and  the  number  a  little  less.  The 
transverse  vessels  bear  very  minute  papillse  projecting  inward  into  the 
cavity  of  the  branchial  sac;  they  do  not  correspond  in  number  to  the 
stigmata  but  are  somewhat  fewer,  though  arranged  along  the  vessels 
with  considerable  regularity.  They  are  probably  to  be  considered  as 
projections  of  the  edge  of  a  narrow  membrane  borne  on  the  vessel,  but 
in  well-preserved  material  they  are  quite  definite  and  well-marked  struc- 
tures, though  very  minute.  These  papillse  have  been  noted  in  other 
species  and  are  probably  present  in  all  members  of  the  genus,  though 
it  is  difficult  to  demonstrate  such  delicate  structures  except  in  favorable 
material  (see  Hartmeyer,  1916,  p.  427). 

The  digestive  tract  has  the  peculiar  course  characteristic  of  this 
genus,  the  intestine  being  twisted  to  form  a  small  closed  loop  posterior 
to  the  stomach,  which  is  smooth- walled.  The  rectum  is  rather  long,  ex- 
tending to  about  the  middle  of  the  thorax,  where  it  ends  in  a  six-lobed 
aperture. 

The  anterior  part  of  the  post-abdomen  is  occupied  by  the  male 
reproductive  organs,  which  consist  of  a  group  of  twenty  or  more  smaU 
pyriform  or  oval  testes.  Their  common  sperm  duct  extends  through 
the  pedicel  of  the  post-abdomen  into  the  abdomen  and  then  accom- 
panies the  intestine  almost  to  the  end  of  the  rectum.  The  more  posterior 
part  of  the  post-abdomen  contains  the  ovary,  visible  as  a  group  of 
eggs  in  various  stages  of  growth;  the  heart  is  in  the  extreme  end. 

Hartmeyer  (1908,  1916)  has  already  recorded  this  genus,  but  with- 
out naming  any  species,  from  Tortugas,  Florida. 

The  genus  is  widely  distributed  in  the  West  Indian  region;  in  some 
places  it  is  very  conmion.  Though  very  variable  in  form,  size,  pigmen- 
tation, and  in  the  number 'of  rows  of  stigmata  in  the  branchial  sac  of  the 
zooids,  I  can  find  no  sufficient  reason  for  believing  that  more  than  one 
species  is  represented,  nor  can  I  find  characters  upon  which  it  may  be 
separated  from  Savigny's  species  from  Mauritius,  except  that  Savigm^'s 
figure  shows  the  number  of  tentacles  as  twelve  instead  of  ^teen.  In 
this  genus,  however,  the  tentacles  appear  to  be  normally  in  multiples  of 
eight,  not  of  six,  and,  as  the  tentacles  are  often  difficult  to  count  exactly, 
I  cannot  have  confidence  in  this  apparent  diflference.  I  also  foUow 
Michaelsen  (1919a,  p.  87)  in  identifying  P. /esfum  Hartmeyer,  1904,  from 
Mauritius  and  the  Philippines,  with  this  species.  The  described  species 
of  this  genus  are  mostly  separated  by  very  indefinite  and  untrustworthy 
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characters,  so  that  it  is  not  improbable  that  this  form  is  more  widely 
distributed  than  our  present  information  shows. 

The  American  specimens  that  I  have  examined  are  from  the  west 
coast  of  Florida  (depths  down  to  26  fathoms),  including  Tortugas;  off 
the  north  coast  of  Yucatan  (24  fathoms) ;  Bahamas;  Cuba  (Cienfuegos) ; 
Jamaica;  Porto  Rico  (Guanica,  on  piles);  and  Sabanilla,  Colombia. 
One  specimen  appears  to  have  grown  on  a  crab. 

Apudittm  Savigny,  1816 

[  =  Aplidium+Amaroucium  Milne-Edwards,  1841] 

Poet-abdomen  (when  fully  developed)  elongate,  not  separated  from  the  abdomen 
by  an  elongate  neck,  though  there  may  be  a  slight  constriction  between  these  two 
parts  of  the  body.  Stomach  usually  with  distinct  longitudinal  plications;  an  atrial 
languet  is  present  in  all  the  West  Indian  forms. 

Subgenus  Apxjdium 

Distinguished  by  having  the  branchial  sac  short,  with  rather  few  (commonly 
five  to  ten)  rows  of  stigmata,  the  post-abdomen  short,  the  atrial  aperture  back  from 
the  anterior  end  of  the  thorax  and  often  without  a  languet,  and  the  testes  in  a  more 
or  less  compact  group  (see  Michaelsen,  1919a,  p.  90)  instead  of  an  elongated  series. 

Aplidium  lobatum  Savigny,  1816 
Figured 

1816.     Aplidium  lobatum'\-A.  tremulum  Savigny,  'M6m.  s.  1.  animaux  sans  vert^ 

bres,'  pt.  2,  pp.  182, 184;  PI.  m,  fig.  4,  PI.  xvi,  figs.  1,  2. 
1820.     Aplidium  lobcUum-^-A.  tremulum  Savigny — ^Oken,  Isis,  pp.  660,  871,  872, 

figures  on  Pis.  xii  and  x\'ii. 
1909-1911.     Aplidium   hbatum-^A.   tremulum    Hartmeyer,     Bronn's    *Tier-reich,' 

III,  suppl.,  pp.  1469,  1638. 
1919.     Aplidium   lobatum   Michaelsen,   Jahrb.   Wiss.    Anst.,    Hamburg,  XXXVI, 

suppl.,  p.  86. 
1921.     Aplidium  lobatum  Michaelsen,  Denk.  Akad.  Wiss.  Wicn.,  math.-nat.  Kl., 

XCVII,p.  22,fig8.  11,  12. 

The  colony  in  this  species  is  apparently  normally  of  a  rather  thick 
incrusting  type  with  rounded  edges.  The  borders  and  surfaces  show  a 
tendency  to  be  raised  into  low  rounded  elevations  at  many  points  or 
produced  into  more  or  less  distinct  rounded  lobes.  Greatest  diameter 
of  largest  colony  about  75  mm.;  average  thickness,  where  covering  an 
even  surface,  probably  not  much  over  3  mm.  Zooids  arranged  in  elongate 
fp-oups  and  rows;  the  limits  of  the  systems  are  hard  to  determine,  but  in 
large  colonies,  at  least,  they  appear  to  l)e  quite  extensive  and  more  or  loss 
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branched.  The  branchial  orifices  may  or  may  not  be  slightly  prominent 
on  the  surface;  the  common  cloacal  apertures  are  ordinarily  inconspicu- 
ous in  the  preserved  material.  The  test  itself  is  rather  transparent  and 
nearly  colorless  or  somewhat  yellowish,  but  the  colonies  are  rather 
opaque  from  the  considerable  quantities  of  sand  which  are  present  all 
through  the  test  and  assume  more  or  less  the  color  of  the  sand.  This 
included  sand  renders  the  test  rather  firm  but  easily  broken  in  the  al- 
coholic specimens. 

Zooids  small  and  short;  in  the  contracted 
o  condition  foundin  preserved  matierial not  usually 

over  2  to  3  mm.  in  total  length,  or  even  less  when 
the  body  is  bent  or  distorted.  Thorax  short, 
separated  by  a  constriction  from  the  rest  of  the 
body;  post-al)domen  short  and  wide  even  when 
'  the  reproductive  organs  are  well  developed. 

Branchial  aperture  with  six  hi6d  lobes. 
Atrial  aperture  on  the  dorsal  side  of  the  thorax; 
less  prominently  lolx^d  than  the  branchial  aper- 
ture. Close  in  front  of  it  is  a  small  lanRuet  cleft 
inti>  three  pointed  lobes. 

Mantle  musculature  eonsistinft;  mainly  of 
the  sphincters  of  the  apertures  and  a  few  narrow 
lont;itudiiial  bands  on  the  thorax. 

Tentacles  well  developed,  but  thcHpeeimens 
wci'e  found  too  much  contracted  to  detemiine 
the  number. 

Dorsal  lunRuets  on  the  transverse  vessels  of 

the  left  side  a  little  way  from  the  median  dorsal 

vessel. 

FiR,  i.     Apli-liam  About  scvch  rows  of  stigmata  (fairly  long 

lobaUm  SaviRiiy,  isiii,       iuid  narrow  when  the  sac  is  expanded)  with  al>out 

urtsuiroi  I'loici.  X  ;w         fifteen  or  sixteen  in  a  row  on  each  side. 

Stonuii'h  wall  with  five  very  deep  furrows 
and  the  ssim*;  nunilK*r  of  verj'  thiirk  pn)ininent  longitudinal  ridges. 
Intestinal  loop  quile  long  in  well-expanded  zixnds. 

Ovaries  not  developed  in  the  indivi<luals  studied.  Testes  few 
in  nunilx-r  faboul  fift^H'n  to  twentj')  and  forming  a  compact  rounded 
group  as  is  characterislic  of  this  .subgeims. 

The  Anieri(^!in  Museum  collection  contains  a  small  colony  dredged 
of[(iuanicnH;iriKir.  Porto  Rico,  in  five  fathoms.   The  National  Museum 
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collection    contains    several    larger    specimens    all    dredged    at   St. 
Thomas,  W.  I.    Savigny  described  it  from  the  Red  Sea.  (Gulf  of  Suez). 

Subgenus  AMABOUdUM  (Milne-Edwards)  1841 

Distinguished  from  the  subgenus  Aplidium  by  having  zooidd  with  a  more  elon- 
gate branchial  sac  and  post-abdomen,  and  the  atrial  aperture  placed  well  forward 
near  the  anterior  end  of  the  thorax.  Atrial  languet  always  present.  Rows  of  stig- 
mata numerous;  testes  arranged  along  the  sperm  duct  in  an  elongate  single  or  double 
series. 

The  species  of  this  group  show  a  great  deal  of  individual  variation 
in  the  form,  color,  and  character  of  the  colony,  in  the  number  of  rows  of 
stigmata  in  the  branchial  sac,  and  in  the  number  of  plications  in  the 
stomach  wall,  etc.,  and  there  is  much  difficulty  in  finding  reliable  and 
constant  characters  for  separating  them.  The  diflSculties  of  dealing 
with  the  material  are  increased  by  the  shrunken  and  poorly  preserved 
condition  in  which  much  of  it  reaches  the  investigator,  so  that  many  of 
the  essential  characters  of  the  zooids  are  often  very  difficult  to  make  out. 
It  is  possible  that  more  species  should  be  recognized  from  this  region  than 
I  have  done.  If  so,  I  am  at  a  loss  to  name  the  characters  by  which  they 
can  be  satisfactorily  distinguished.  The  question  of  the  possible  identity 
of  some  of  these  forms  with  those  from  other  parts  of  the  world  cannot  be 
dealt  with  on  the  basis  of  the  material  and  information  now  available. 

Aplidium  (Amaroucium)  bermudsB  (Van  Name),  1902 

Figure  4 

1902.     Amaroucium  bennudae  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  352,  PI. 

L,  fig.  20;  PI.  Lviii,  figs.  <m,  97. 
1905K1911.     Amaroucium  bermuda-    Hartmeyer,   Bronn's  'Ticr-reich,'   III,    suppl. 

pp.  1466,  16:^3. 

Tliis  species  was  originally  described  from  Bennuda  (Van  Name, 
1902)  from  small  capitate  or  wedge-shaped  colonies,  with  rather  abrupt 
sides  and  a  rounded  or  flattened  top.  No  large  colonies  were  collected 
there.  The  Yale  University  and  National  Museum  collections  contain, 
however,  nuich  larger  specimens  that  appear  to  be  of  this  species  from 
other  localities.  These  large  colonies  vary  gn^atly  in  shape;  generally 
they  are  thick  and  massive,  rounded  or  irregularly  ovoid,  sometimes  com- 
pressed in  one  direction,  but  rarely  to  such  an  extent  that  they  can  cor- 
rectly Ik*  termed  plate-lik(».  The  area  of  attachment  is  generally  small 
and  variously  situated,  often  near  one  end  or  on  one  of  the  narrower 
Ixirders.  The  largest  colony  (from  Xorfh  Carolina)  is  a  dome-shaped 
mass  alxmt  110  mm.  by  60  mm.  in  diameter  and  alumt  70  mm.  high. 


306  BiiVttin  American  MuMum  of  K»tur»l  Hutory  [Vol.  XUV 

Another  (from  southern  Florida)  is  of  some- 
what flattened  ovoid  fomi,  about  90  mm.  by 
50  mm.  in  diameter  and  over  40  mm.  thick, 
attached  by  a  Rmall  area  on  one  of  the  broad 
sides. 

Test  rather  firm,  of  somewhat  cartilag- 
inous character  on  the  surface,  but  often 
softer  in  the  interior.  Surface  usually,  though 
not  always,  free  from  sand.  Id  color  the 
preserved  specimens  are  usually  yellowish,  or 
brownish  yellow,  the  zooids  showing  indis- 
tinctly through  the  test,  which  varies  from 
merely  translucent  to  semi-transparent.  The 
Bermuda  specimens,  when  fresh,  were  opaque 
grayish  with  a  bluish  or  sometimes  a  pinkish 
cast;  in  preservation  the  test  became  more 
transparent.  Zooidx  usually  brightly  colored, 
orange  or  in  part  vermilion  red  when  alive; 
in  preservation  they  fade  to  a  dingy  yellowish 
or  brownish-yellow  color.  An  arrangement 
of  the  zooids  in  systems  cannot  always  be 
readily  made  out,  but  in  some  colonies  they 
can  be  clearly  seen  to  be  arranged  in  small 
circular  or  oval  aystema,  each  surrounding  a 
small  common  cloacal  cavity  and  aperture. 
In  preser\'ation,  owinn  to  the  greater  con- 
traction of  these  structures  than  of  the  inter- 
vening solid  teal,  the  surface  of  the  colony 
becomes  sliRhtly  depres.sed  where  they  are 
situated,  giving  the  surface  a  pitted  appear- 
ance, but  this  is  probably  a  purely  artificial 
effect  and  would  not  l)e  noticeable  in  fresh 
material  under  noniial  conditions. 

Zooids  asually  rather  lai^e  and  stout. 
Fig.  4.    Aplulium  (Ana-     jy  ^  f^j.]y  ^.^\\  preserved,  though  neverthe- 
'T" "r'1902'"'""*'     '^""     '^^  somewhat  contracted,  individual  the  body 
L»(t.id=oi,ooid.  x-ii.  measured 3.3  mm.  long, exclusive  of  the  post- 

abdomen;  the  latter  often  measures  5  to  10 
mm.  additional.  Branchial  aperture  with  aix  (occasionally  seven)  some- 
what bifid  lobes.     Atrial  aperture  usually  also  distinctly  lobetl  and 
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provided  just  in  front  of  its  anterior  margin  with  a  long  languet,  usually 
of  simple  form  but  sometimes  with  a  small  lateral  tooth  or  projection  on 
each  side.  Mantle  provided  with  strong  longitudinal  muscles  which  form 
distinct  but  rather  narrow,  closely  placed  bands  on  the  thorax.  These 
spread  out  and  become  diffuse  on  the  abdomen,  and  mostly  disappear  on 
the  post-abdomen. 

Tentacles  of  at  least  two  sizes,  but  diflScult  to  count  owing  to  the 
contracted  condition  of  the  material. 

Dorsal  languets  arising  from  the  transverse  vessels  a  little  way  to 
the  left  of  the  median  dorsal  vessel. 

Branchial  sac  elongate,  with  about  sixteen  or  seventeen  rows  of 
stigmata  in  most  colonies.  There  may  be  as  many  as  eighteen  stigmata 
in  a  row  on  each  side.  The  rather  large  number  of  rows  of  stigmata  ap- 
pears to  be  one  of  the  characteristics  of  the  species,  and  I  have  found  it  to 
prevail  in  most  of  the  specimens,  yet  in  some  colonies  the  number  of  rows 
seems  to  average  smaller,  only  a  dozen  to  fifteen. 

Stomach  unusually  thin-walled  as  compared  with  its  condition  in 
the  majority  of  species  of  this  genus.  Commonly  it  has  a  rather  small 
number  (generally  from  ten  to  eighteen)  of  longitudinal  plications;  these 
may  be  fairly  sharp  and  distinct,  but  more  often  they  appear  rather  faint, 
and  in  some  colonies  the  stomach  appears  practically  smooth-walled — 
a  condition  rare,  if  not  unique,  in  this  genus.  The  stomach  is,  however, 
generally  found  folded  and  crushed  in  by  the  contraction  of  the  body 
muscles.  Folds  thus  produced  may  generally  be  distinguished  by  their 
irregularity  from  the  normal  ones,  though  they  are  often  so  numerous 
and  deep  as  to  obscure  the  normal  ones  partially  or  entirely,  or  to  produce 
in  conjunction  with  them  an  apparent  areolated  or  sacculated  condition 
of  the  stomach  wall. 

Ovary  situated  as  usual  in  the  anterior  part  of  the  abHomen;  the 
testes,  which  are  very  numerous  in  well-developed  individuals,  form  a 
double  longitudinal  row  along  the  spenn  duct  in  the  part  posterior  to  the 
ovary. 

Beside  the  types  and  cotypes  from  Bemmda  already  mentioned,  the 
Yale  University  collection  contains  many  colonies,  several  of  them 
large,  from  Fort  Macon,  North  CaroHna,  collected  by  Dr.  H.  C.  Yarrow. 
Except  small  and  not  very  characteristic  (or  perhaps  somewhat  doubt- 
ful) specimens  from  Water  Island  (in  the  former  Danish  West  Indies) 
and  Jamaica,  the  material  in  the  National  Museum  collection  is  all 
from  the  coasts  of  North  and  South  Carolina  and  from  the  Gulf  of  Mexico, 
mostly  from  the  west  coast  of  Florida.    The  depths  of  these  stations  are 
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generally  not  given ;  the  greatest  recorded  is  14  fathoms,  off  the  southern 
part  of  the  North  Carolina  coast. 

I  have  also  assigned  to  this  species  several  specimens  consisting  of 
small,  closely  crowded  heads,  densely  incrusted  with  sand.  They  are 
from  Cedar  Keys,  Florida,  and  from  off  the  north  coast  of  Yucatan 
(26  fathoms).  Such  specimens  appear  to  bear  the  same  relation  to  the 
ordinary  colonies  that  the  sand-incrusted  pelluddum  form  of  A.  pellnci- 
dum  bears  to  the  cafisteUatiim  form  of  that  species,  and  they  closely  re- 
semble the  form  pelluddum  as  described  on  p.  309  in  the  size  and  external 
appearance  of  the  heads. 

Aplidium  (Amarouciuin)  steUatum  (Verrill),  1871 

1871.     Amouroucium  sleUaium  Verrill,  Amer.  Joum.  Sci.,  (3)  I,  p.  291. 

1873.     AmariBcium  stellatum  Verrill  and  Smith,  'Report  on  Invert.  Animals  of  Vine- 
yard Sound, '  pp.  402  (411),  419  (424),  704. 

1878.     AmaroRcium  stellatum  Coues  and  Yarrow,  Proc.  Acad.  Nat.  Sci.  Philadephia, 
p.  304. 

1€03-1911.     Amaroucium  stellatum  Hartmeyer,   Bronn's   *Tier-reich,'   III,   suppl.. 
pp.  1467,  1619. 

1910.     Amaroucium  stellatum  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV,  p. 
416,  PI.  XXXIV,  fig.  1,  text  fig.  25. 

1913.     Amaroucium  stellatum  Sumner,  Osbum  and  Cole,  Bull.    U.   S.    Bureau   of 
Fisheries,  XXXI,  pp.  75,  76,  159,  160,  733;  chart  197. 

1916.     Amaroucium  stellatum  Pratt,  'Manual  Common  Invert.  Animals,*  p.  670. 
For  other  references  and  a  more  detailed  description,  see  Van  Name,  1910. 

This  species  forms  flattened  plate-like  colonies  resembling,  when 
alive,  pieces  of  raw  pork  in  color  and  consistency.  The  colonies  are  ver>* 
variable  in  shape,  often  long  and  narrow,  sometimes  divided  into  finger- 
like lobes;  often  they  arc  shaped-like  disks  attached  by  one  edge.  They 
become  very  large,  sometimes  as  much  as  300  to  600  mm.  long,  over 
20  mm.  thick  and  of  very  variable  width.  The  edges  are  rounded;  the 
zooids  arranged  in  small  circular  systems,  which  in  preserved  specimens 
sink  in,  covering  the  surface  with  small  depressions,  but  in  life  the  sur- 
face is  smooth,  even,  and  shiny. 

The  zooids  resemble  those  of  A.  bermudXy  though  they  appear  to 
average  a  trifle  smaller  and  generally  to  have  fewer  rows  of  stigmata 
(often  only  about  eleven)  with  seventeen  or  eighteen  in  a  row  on  each 
side.  The  stomach  wall  is,  however,  thicker  and  more  rigid;  it  has 
usually  about  a  dozen  sharply  defined  longitudinal  plications,  which  are 
not  easilv  obliterated  or  obscured  bv  the  contraction  of  the  bodv 
muscles.  The  discovery  in  the  Yale  University  collection  of  the  speci- 
mens on  which  Coues  and  Yarrow  (1878)  based  their  record  of  this 
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species  from  North  Carolina  (Fort  Macon)  now  confirms  the  correct- 
ness of  their  statement.  These  specimens  are  said  to  have  grown  on 
piles;  on  the  New  England  coast  this  species  grows  only  attached  to 
stones  or  gravel  on  the  bottom  where  there  is  a  strong  currient.  This 
appears  to  be  the  most  southern  record  of  the  species;  a  few  possible 
specimens  that  I  have  seen  from  farther  south  I  refer  rather  to  A,  bermu- 
(te,  a  species  which  in  some  of  its  numerous  variations  sometimes  ap- 
proaches the  present  species  in  characters  and  appearance,  including, 
though  only  rarely,  the  flattened  form  of  the  colony. 


Aplidium  (Axnaroucium)  pellucidum  (Leidy),  1855 

Figure  5 

1855.     Alcyonidiumf  peUucidum  Leidy,    Joum.  Acad.  Nat.   Sci.   Philadelphia,  (2) 

III,  p.  142,  PI.  X,  fig.  24. 
1871.     Amouroucium  peUiicidum  Verrill,  Amer.  Joum.  Sci.,  (3)  I,  p.  290. 
1871.     Amouroucium  constelUtum  Verrill,  Amer.  Joum.  Sci.,  (3)  II,  p.  359. 

This  species,  common  and  well-known  on  the  southern  New 
England  coast,  exists  in  two  forms  very  different  in  external  appearance, 
but  not  only  connected  by  specimens  intermediate  in  character  but  by 
colonies  exhibiting  in  one  part  the  characters  of  one  form,  in  another  that 
of  the  other  in  its  extreme  development.  They  are  not,  therefore,  true 
subspecies. 

In  one  form  the  colony  is  spUt  up  into  a  multitude  of  small  heads  of 
P3rramidal  or  wedge-shaped  form,  each  5  to  10  mm.  in  diameter  at  the 
top,  generally  containing  one  small  system  of  zooids  and  densely  in- 
crusted  with  sand,  which  is  present  also  in  the  interior  of  the  test.  In 
the  more  perfect  colonies  of  this  form,  these  small  heads  are  so  closely 
crowded  and  fitted  together  as  to  give  the  whole  colony  the  appearance 
of  a  rounded  sand-incrusted  mass  several  centimeters  in  diameter.  In 
the  other  form  the  colony  is  not  thus  subdivided,  though  often  cleft 
into  a  few  larger  lobes  or  heads;  it  is  not  incrusted  with  sand  to  any  con- 
siderable extent,  and  the  systems,  though  sometimes  small  and  round  or 
oval,  often  become  large  and  of  irregular  outline.  Verrill  considered  the 
two  as  separate  species;  he  identified  the  sandy  lobulated  form  with 
Leidy's  pellucidum  and  described  the  massive  sand-free  form  as  a  new 
species,  constellsUum.  They  have  been  treated  as  two  species  in  most  of 
the  literature  since  that  time.  The  mtissive  or  con^'^teUsitum  form  appears, 
however,  to  be  the  usual  manner  of  growth  of  the  species,  the  other  fonn 
developing  chiefly  on  sandy  bottoms  where  there  is  a  strong  current 
keeping  the  sand  stirred  up.    The  sandy  form  is,  therefore,  local  in  its 
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distribution,  and  it  ia  unfortunate  that  the 
species  was  described  from  it  and  that  another 
name  has  become  associated  with  the  usual  and 
more  widely  distributed  form  of  growth. 

Though  VerriU  and  Smith  (1873)  report  the 
sandy  (peliucidum)  form  as  rangii^  from  North 
Carolina  to  Vineyard  Sound,  MassachusettB, 
most  of  the  specimens  from  the  southeni  states 
that  I  have  seen  are  decidedly  of  the  conttdlaium 
form,  or,  if  intermediate,  nearer  to  that  form 
than  to  the  extremely  sandy  and  lobulated  peUuci- 
dtim  as  the  latter  occurs  on  the  New  England 
coast. 

The  chief  references  to  this  form  are  as 
follows : 
1871.     Amourouciiim  mnatelUtum  Verrill,  Amer.  Journ. 

Sci.,  (3)  II,  p.  359. 
1873.     Amxracium  eonti^UUum  Verrill  and  Smith,  'Rept. 
on  Invert.  Animala  of  Vineyard  Sound,'  iq>. 
704, 388,  393,  403,  etc. 
1910.    Amaroucium  peUuddum  form  rorufaUaJum  Van 
Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV, 
p.  406,  PI.  XXXVI,  6gB.  4,  S;  PI,  xxxvni, 
fig.  9;  text  Gg.  23. 
1913.     Amarouciiim  prUuculum  form  comUUalutn,  Stun- 
ner, Oflbtim  and  Cole,  BuU.  U.  S.  Bureau  of 
Fisheries.   XXXI,   pi>    155.   158-lflO,  733; 
chart  196. 
1916.     Amaroiicium  conjilettatum   Pratt,   'Manual  Com- 
mon Invert.  AnimtJa,'  p.  670. 
For  other  references,  including  b^lh  forms  of  the 
species,  see  Van  Name,  1910. 

The  normal  shape  of  the  colony  of  this  form 
is  that  of  a  rounded  or  somewhat  flat-topped 
head,  tapering  below  to  a  rather  narrow  base  or 
short  peduncle;  such  heads  may  reach  15  to  25 
mm.  in  height  and  be  of  very  varying  diameter. 
Larger  colonies  may  consist  of  two  or  more 
such  heads  united  at  the  base;  very  lai^e  ones 
may  be  quite  broad  {80  mm.)  and  of  hemispher- 
ical or  somewhat  flattened  cushion-like  shape, 
though  attached  only  by  a  small  part  of  the 
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lower  surface.  Generally,  however,  large  colonies,  as  well  as  many  of 
the  small  ones,  are  of  very  irregular  shape  and  are  usually  more  or  less 
divided  into  lobes  by  clefts  of  varjdng  depth  and  width.  In  life  the 
test  varies  from  cream-color  to  pale  orange  or  reddish;  the  zooids  are 
brightly  colored  (largely  orange-yellow,  the  stomach  generally  bright 
orange-red)  and  show  more  or  less  through  the  test,  in  spite  of  the 
latter  being  somewhat  opaque.  These  bright  colors  fade  out  completely 
in  alcohol.  The  consistency  of  the  test  and  colony  as  a  whole  is 
generally  rather  softer  and  more  flexible  than  that  of  A,  hermudx, 

2iOoids  arranged  in  systems  as  above  noted;  they  are  of  moderately 
large  size  (4  mm.  or  more  long  exclusive  of  the  post-abdomen),  which  of 
coiu*se  varies  in  length  with  age  and  the  development  of  the  reproductive 
organs.  In  most  characters,  they  resemble  too  closely  those  of  A.  hermu- 
cte,  described  above,  to  require  a  separate  description;  the  number  of 
rows  of  stigmata,  however,  appears  to  average  less  (9  to  15),  and  the 
atrial  languet  to  always  be  of  simple  form  without  lateral  projections. 

The  most  conspicuous  difference  is  in  the  stomach,  whose  wall  has  a 
much  larger  number  (usually  over  twenty,  sometimes  between  thirty 
and  forty)  of  distinct  but  narrow  longitudinal  plications.  These  are 
generally  somewhat  irregular  and  interrupted  in  some  places,  often  to  an 
extent  such  as  to  cause  an  areolated  condition  of  a  part  of  the  stomach 
surface.  The  species  as  a  whole  ranges  from  a  little  north  of  Cape  Cod 
(Isles  of  Shoals,  New  Hampshire)  to  the  west  coast  of  Florida  and  the 
neighboring  banks,  and  from  near  low-water  mark  to  26  fathoms.  I 
failed  to  find  it  on  the  coast  of  southeastern  Florida  and  its  distribution 
may  be  discontinuous  and  interrupted  by  the  southern  part  of  the  Florida 
peninsula. 

ApUdium  (Amaroudum)  exile  (Van  Name),  1902 

Figure  6 

1002.    AmsLroucium  exile  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  354,  PI.  l, 

fig.  21;  PI.  Lviii,  fig.  98. 
190^1911.    AmsLroucium  exile  Hartmeyer,  Bronn's  *Tier-reich,'  III,  8uppl.,  pp. 

1467,  1633. 

In  addition  to  A.  bermudsBy  described  above,  there  is  also  a  smaller 
form  found  at  Bermuda,  whic^  appears  to  be  a  distinct  species.  This 
forms  small,  rounded  or  button-shaped  colonies,  attached  by  the  jcreater 
part  of  the  lower  surface.  The  edge  or  border  of  the  colony  is  thick  and 
rounded.  Size  up  to  15  or  20  mm.  across  and  5  to  6  mm.  high.  Test 
colorless  and  transparent,  but  often  more  or  less  filled  with  sand  grains 
and  shell  fragments,  though  some  colonies  are  entirely  free  from  such 
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iachided  matter.    In  the  latter  ease  the  zooids,  which  vary  from  orai^e 

to  bright  scarlet,  are  very  conspicuous  and  make  the  colony  a  very  pretty 

object.    Consistency  of  test  rather  soft.    Zooids  small,  the  poet-abdomen 

usually  shorter  than  the  remainder  of  the  body;  in 

the  preserved  and  contracted  state  they  are  often 

'  not  over  3  mm.  in   total   length;  sometimes  not 

so  much.    Branchial  aperture  with  six  or  seven  lobes, 

atrial  aperture  plain  or  slightly  lobed,  and  provided 

with  a  long  languet  of  simple  form  at  its  anterior  edge. 

Tentacles  of  two  sizes. 

Dorsal  languets  borne  on  transverse  vessels  of 
left  side  a  little  way  from  the  median  dorsal  vessel. 

There  are  about  a  dozen  rows  of  stigmata,  with 
apparently  from  sixteen  to  ei^ht^en  in  a  row  on  each 
aide.  The  number  of  rows  is  subject  to  a  little  vari- 
ation in  different  individuals. 

Intestinal  loop  of  moderate  length,  usually 
twisted,  in  the  contracted  specimens  at  least. 

Stomach  rather  thick-walled,  with  from  ten  to 
twenty  narrow  longitudinal  folds  (the  number  given 
in  the  original  description  was  too  few)  that  are 
sometimes  slightly  irregular  or  broken  up  into 
areolations  on  a  part  of  the  surface  of  the  stomach. 
Ovarj'  in  the  anterior  part  of  the  post-aMoraen ; 
testes  in  the  posterior  part.  Many  of  the  zooids 
contain  larvte  in  the  atrial  cavity,  these  beginning 
the  secretion  of  test  substance  while  still  within  the 
atrial  cavity  of  the  parent. 

The  structure   of  the   zooids  shows  that  this 
species  is  a  cIopp  ally  of  A.  pe/(wci'rf«mof  the  Atlantic 
coast   of   the    United   States.      It  is   common     at 
Bermuda,  growing  on  stones  along  the  shore,  as  well 
,  \    ^        '  \       ■(     as  on  corals,  etc.,  in  deeper  water.     There  is  also  in 
(Van  Name)  1902       ''•*'  Yale  University  collection  a  specimen  from  Key 
[*fi.idrof ic»id.x3<).   West,  Florida,  collected  by   Prof.  A.  S.   Packard, 
which  may  be  of  this  species,  though  in  my  collect- 
ing in  southern  Florida,  1  failed  to  find  it,  nor  have  I  seen  an  undoubted 
si)ccimcn  from  any  West  Indian  locality.     The  type  is  in  the  Yale  Uni- 
vei-sitv  collection. 
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Didemnidn  Verrill,  1871 

Compound  ascidians  with  minute  zooids,  having  the  body  divided  by  a  constric- 
tion into  two  parts  (thorax  and  abdomen) ;  branchial  sac  with  only  three  or  four  rows 
of  stigmata.  They  have  a  peculiar  method  of  budding  by  which  each  new  zooid  grows 
from  two  buds  (one  for  the  thorax  and  one  for  the  abdomen),  arising  from  or  near 
the  constricted  middle  part  of  the  body,  so  that  characteristic  double  zooids  with 
the  two  individuals  joined  together  by  the  middle  part  of  the  body  are  temporarily 
formed. 

Michaelsen  has  recently  (1919a,  1920)  called  renewed  attention  to 
certain  modified  areas  ("Seitenorgane'*  in  his  terminology)  on  the 
external  surface  of  each  side  of  the  thorax  of  zooids  of  this  family.  These 
structures  have  been  noted  by  many  writers  and  are  probably  present 
in  varying  degrees  of  development  in  most  members  of  the  family,  in 
some  stages  at  least  of  their  life  history.  They  are  oval  or  rounded  areas, 
sometimes  prominent  on  the  body  surface  and  definitely  bordered  by  a 
raised  rim,  in  other  cases  depressed  below  that  surface  or  even  deeply 
invaginated  into  the  thorax;  in  the  test  adjacent  to  them  or  occupying 
their  cavity,  numerous  ver>'  small  spicules  are  commonly  present.  Dr. 
Michaelsen  regards  them  as  spicule-forming  organs  and  likewise 
attributes  to  them  considerable  weight  as  specific  characters,  but  the 
varying  degree  of  their  development  in  different  specimens  and  their 
apparent  absence  in  man}*^  cases  suggests  that  they  may  be  organs  of  a 
more  or  less  temporary  nature,  so  that  further  studies  of  their  develop- 
ment and  constancy  will  be  needed  before  depending  on  them  as  specific 
characters.  I  regret  that,  owing  to  the  delays  and  interruptions  which 
have  prevailed  in  the  publication  and  distribution  of  scientific  literature 
since  the  war,  the  above  articles  of  Michaelsen  were  not  received  in  time 
for  me  to  include  a  study  of  these  structures  in  the  species  dealt  with  in 
this  article,  but  they  should  certainly  not  be  neglected  in  an\''  future 
investigations  of  this  family. 

Texdidimnum  Delia  Valle,  1881 

Distinguished  bv  having  three  rows  of  stigmata,  a  single  tostLs  al)out  which  the 
8|>erm  duct  is  spirally  coiled,  and  oft<;n  a  short  tubular  atrial  siphon,  but  no  atrial 
languet .    Stellate  calcareous  spicules  present  in  the  test . 

As  found  in  the  West  Indian  region,  the  colonies  of  this  genus  are 
ver>'  variable  in  their  minor  characters,  and  the  question  of  how  many 
species  should  be  recognized  is  not  an  easy  one  to  settle.  The  larger 
series  of  specimens  now  available  contains  intermediate  examples  that 
make  it  necessary  to  unite  certain  forms  treated  as  distinct  species  in 
my  account  of  the  Bennuda  ascidians  (1902). 
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Trididemnum  savignii  Herdman,  1886 

Figures  7-9 

1896.     Didemnum  savignii  Herdman,  'Rept.  Voy.  Challenger,  Zool./  XIV,  p.  261, 

PI.  XXXIV,  figs.  1-5. 
1891.     Didemnum  savignii  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  629. 
1902.     Didemnum  8avigjni-\-D.  atrocanum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI, 

pp.  358,  359,  PI.  LI,  figs.  27,  30,  34,  35;  PI.  ux,  figs.  112.  114. 
1909-1911.     Trididemnum  savignyi-\-T .  atrocanum  Hartmeyer,  Bronn's'Tier-reich,' 

III,  suppl.,  p.  1446,  1633. 
1920.     f Trididemnum    natalense-\-T.   8atngnyi-\-T.   atrocanum   MichaeLsen,  Jahrb. 

Wiss.  Anst.,  Hamburg,  XXXVII,  suppl.,  pp.  3,  6,  text  fig.  1. 

This  ascidian  forms  inerusting  colonies,  occasionaUy  of  consider- 
abl.  size  (one  specimen  measures  75  mm.  across)  and  of  very  variable 
thickness,  usually  only  about  2  to  3  mm.,  but  often  considerably  more 
when  growing  on  an  irregular  surface.  The  external  appearance  of  the 
colony  is  greatly  dependent  on  two  characters,  both  subject  to  very  great 
variability  in  different  specimens,  first,  the  number  and  distribution  of 
the  large  stellate  spicules  and,  second,  the  abundance  and  distribution  of 
the  pigment  cells  in  the  test.  The  spicules  are  of  comparatively  large 
size,  generally  at  least  .04  to  .06  mm. ;  in  some  colonies  some  of  them  are 
.08  or .  10  mm.  in  diameter,  or  even  more.  They  are  generally  beautifully 
regular  in  form,  being  stellate,  with  moderately  numerous  conical  points 
which  taper  to  a  rather  sharp  extremity,  though  in  many  colonies  among 
such  regularly  formed  spicules  there  will  be  found  many  in  which  the 
points  are  irregular  and  broken  or  blunted  at  the  tip.  Occasional 
colonies  occur  in  which  the  majority  or  all  of  the  spicules  exhibit  such 
imperfections,  the  points  being  reduced  to  mere  irregular  protuberences 
on  the  spherical  central  portion  of  the  spicule.  In  some  specimens  the 
spicules  exhibit  striking  uniformity  in  size,  in  others  large  and  small  ones 
occur  in  varying  proportions.  Their  distribution  and  relative  abundance 
in  the  test  are  also  subject  to  much  variation.  Generally  the  spicules  are 
chiefly  or  entirely  confined  to  a  layer  in  the  test  a  little  beneath  the  upper 
surface,  leaving  the  latter  smooth  and  glossy.  The  spicule^s  are  often 
distributed  in  this  layer  in  groups  and  patches,  which  may  show  white,  in 
strong  contrast  to  the  dark  areas  where  spicules  are  few  or  wanting,  giv- 
ing the  surface  of  the  colony  a  very  conspicuously  mottled  or  spotted 
coloration,  but  this  occurs  only  in  a  small  proportion  of  the  specimens. 

The  branchial  apertures  of  the  zooids  are  usually  distinguishable  on 
the  surface,  though  less  conspicuous  than  in  the  form  pontes  described 
below,  and  not  raised  above  it  as  in  that  form;  and  the  zooids  them- 
selves are  often  more  or  less  distinctly  visible  through  the  test  when  they 
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are  not  obecured  by  the  abundance  of  spicules  or  by  too  heavy  pigmen- 
tation  of  the  test.  The  zooids  are  arranged  in  branching  and  anastomos- 
ing systemB,  apparently  of  considerable  extent  and  complexity,  but  the 
common  cloacal  apertures  are  not  easy  to  find. 


Fipt.  7-9.     TridiiUmnum  nam^nii  (Herdman),  1888 
K>.7.    Ltft^<lan(iooid.  X40.    Fig.B.    TypiralipkulM,  X4W.    Fi(,a.    Poorly foraicd (pieiilH 
boB  uMtbar  colooy,  X  4S0. 

Where  free  from  spicules,  the  test  is  of  moderately  firm  gelatinous 
character;  in  some  colonies,  particularly  young  ones,  it  may  be  whitish 
or  nearly  colorless,  but  as  a  rule  a  dark  smoky  brown  or  blackitih  pig- 
ment is  present  both  in  the  test  an<l  on  some  parts  of  tlie  zooids,  especially 
f^ut  the  anterior  end  and  on  the  thorax  and  sometimes  on  much  of  the 
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mantle.  The  pigment  is  chiefly  contained  in  special  cells  which  are  most 
abundant  in  the  superficial  parts  of  the  test  and  vary  in  form  from  the 
most  irregular  and  elongate  shapes  to  regularly  oval.  Generally  the 
pigment  cells  just  described  give  the  upper  surface  of  the  colony,  or  some- 
times the  whole  test,  a  brownish  or  blackish  color,  according  to  their 
abundance;  after  preservation  in  alcohol  for  some  time,  this  pigment 
becomes  of  a  warmer  brown  tint.  Bladder  cells  are  usually  very  abun- 
dant, especially  in  the  superficial  parts  of  the  colony. 

The  zooids  show  this  to  be  a  typical  member  of  the  genus.  In  the 
preserved  material  they  vary  from  1.5  to  1.6  mm.  to  less  than  1  mm.  in 
length,  this  being  largely  dependent  on  the  state  of  contraction  they  are 
in.  They  have  a  tapering  muscular  process  extending  out  into  the  com- 
mon test  from  the  constricted  middle  part  of  the  body;  its  length  and 
thickness  are  very  variable  in  different  colonies. 

Branchial  aperture  with  six  short  lobes.  Atrial  aperture  round, 
situated  on  the  dorsal  side  of  the  thorax  at  about  the  middle  or  somewhat 
farther  toward  the  posterior  end,  the  position  varying  in  different 
colonies  and  often  also  in  different  individuals  of  the  same  colony.  It  is 
sUghtly  produced,  but  usually  not  sufficiently  to  be  called  a  tube. 

Mantle  with  well-developed  longitudinal  muscle  bands  on  the 
thorax. 

Tentacles  not  less  than  eight,  of  at  least  two  sizes  arranged  alter- 
nately, additional  smaller  third-order  tentacles  are  probably  present  in 
the  intervals. 

Dorsal  languets  (two  in  number)  borne  on  the  transverse  vessels 
of  the  left  side,  a  little  way  from  the  median  dorsal  vessel. 

Branchial  sac  with  three  rows  of  stigmata.  The  number  in  a  row 
on  each  side  in  adult  zooids  appears  to  be  variable.  It  reaches  and  pos- 
sibly sometimes  exceeds  a  dozen,  but  the  number  given  in  my  previous 
description  (1902),  fifteen  or  sixteen,  is  too  large.  The  sac  extends  a 
little  posterior  to  the  last  row  of  stigmata,  but  this  is  not  noticeable  in 
strongly  contracted  specimens. 

The  rounded  stomach  and  the  other  parts  of  the  digestive  tract 
present  no  peculiarities.  The  tubular  organ  of  doubtful  function  which 
surrounds  parts  of  the  intestine  in  most  ascidians  is  demonstrable  in 
good  material  of  this  species  and  consists  of  a  few  delicate  branching 
tubes  which  clasp  the  ascending  part  of  the  intestine  where  it  passes 
the  stomach. 

Testis  single,  of  conical  form;  the  sperm  duct  arises  from  its  apex 
and  coils  about  it,  often  making  as  many  as  ten  or  twelve  turns  before 
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leaving  it  to  accompany  the  rectu  w  The  ovary,  consisting  of  a  very 
few  eggs  in  different  stages,  lies  near  the  base  of  the  testis. 

T.  savignii  was  described  by  Herdman  from  a  specimen  obtained  by 
the  ^Challenger/  whose  locality  was  marked  as  doubtful  but  probably  from 
a  station  in  150  fathoms  off  the  Cape  of  Good  Hope.  The  close  corre- 
spondence of  Herdman's  very  detailed  description  with  Bermuda  and 
Florida  specimens  from  shallow  water  suggests  that  the  type  may 
really  have  come  from  shallower  water,  and  perhaps  from  Bermuda, 
where  the  Challenger  Expedition  also  made  collections.  The  American 
Museimi  contains  specimens  from  Biscayne  Bay,  Florida,  collected  by 
myself,  and  one  from  off  Salinas  Cove,  south  coast  of  Porto  Rico;  the 
National  Museum  contains  many  from  various  points  off  the  west  coast 
of  Florida  from  Cedar  Keys  to  off  Key  West,  also  one  from  off  the  south- 
eastern part  of  Jamaica.  In  American  waters  it  grows  on  stones,  shells, 
corals,  gorgonians,  etc.,  both  along  the  shore  at  low-water  mark  and  on 
the  reefs  and  bankd  to  depths  of  at  least  27  fathoms. 

The  series  of  specimens  now  available  indicates  that  T,  airocanum 
(Van  Name),  1902,  from  Bermuda  was  based  on  immature  colonies  of 
the  present  form  and  is  not  a  distinct  species.  T,  nalalense  Michaelsen, 
1920,  from  a  tide  pool  at  Isipingo,  Natal,  does  not  appear  to  be  distinct 
from  this  species.  Michaelsen  gives  only  eight  to  ten  as  the  number  of 
stigmata  in  a  row,  while  American  examples  certainly  usually  have  more, 
but  he  may  have  made  the  count  on  immature  zooids. 

Tridideznnuin  savignii  form  porites  (Van  Name),  1902 

1902.  Didemnum  pontes -^Didemnum  liundum  Van  Name,  Trans.  Conn.  Acad.  Sci., 
XI,  p.  360,  PI.  LI,  figs.  26,  28,  29,  33,  37;  PI.  lix,  fig.  115. 

1909.  Trididemnum  poriies-{-T.  lucidum  Hartmeyer,  Bronn's  *Tier-reich,'  HI, 
suppl.,  pp.  1446,  1633. 

1920.  Trididemnum  luddum  Michaclnen,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXXVII, 

suppl.,  p.  6. 

1921.  Trididemnum  lucidum  Michaelsen,  Arkiv  for  Zoologi  XIII,  No.  23,  pp.  23, 24. 

This  form  can  claim  only  very  doubtful  validity  as  a  species,  and  is 
so  close  to  r.  savignii  that  it  seems  better  to  regard  it  as  a  form  of  that 
very  variable  species.  The  zooids  and  spicules  do  not  present  any  diflfer- 
enees  which  make  their  description  necessary;  though  the  spicules  aver- 
age somewhat  smaller,  they  are  subject  to  the  same  variations  in  size 
and  in  the  form  of  their  points  as  in  the  typical  savignii. 

The  chief  differences  are  in  the  general  character  of  the  colony. 
Of  the  few  specimens  available,  several  reach  a  considerable  size,  in  one 
ca^e  measuring  about  90  mm.  by  55  mm.  across  and  3  mm.  or  more 
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thick.  The  spicules  are  abundant  and  evenly  distributed;  often  they 
are  numerous  in  the  superficial  layer  of  the  test,  giving  the  surface  a 
granular  character.  The  branchial  orifices  of  the  zooids  are  usually  vety 
conspicuous  and  are  slightly  raised  above  the  surface  of  the  colony, 
which  from  these  causes  loses  the  smooth  glossy  character  usual  in  typical 
examples  of  T,  savignii.  The  abundance  and  more  general  distribution 
of  the  spicules  give  the  test  a  grayish  color  and  sometimes  render  it  quite 
hard  and  brittle.  Dark  pigment  is  present  in  cells  in  the  superficial 
part  of  the  test  and  on  the  mantle  of  the  zooids;  in  life  it  is  black,  the 
dark  pigment  and  white  spicules  combining  to  give  a  gray  color  to  the 
colony,  which  deepens  to  blackish  where  the  pigment  is  thickest.  In 
preservation  this  pigment  usually  remains  quite  dark,  though  assuming 
more  or  less  of  a  brown  or  sometimes  purpUsh  shade. 

Type  locality,  Bailey's  Bay,  Bermuda,  growing  on  algse.  Type  in  the 
Yale  Museum.  The  other  specimens  referable  to  this  form  that  the 
writer  has  seen  are  from  Florida  (Cedar  Keys,  Salt  P^nd  Key,  and  Stock 
Island),  from  the  south  coast  of  Porto  Rico  (vicinity  of  Cajo  de  Muertos, 
Guanica  Harbor,  and  Parguera),and  from  eastern  Jamaica,  as  well  as  a 
rather  doubtful  one  from  Andros  Island,  Bahamas.  They  are  all  from 
shallow  water,  and  are  preserved  in  the  collections  of  the  National  and 
American  Museums. 

The  additional  material  now  available  indicates  that  T.  bicidum 
(Van  Name),  1902,  from  Bermuda,  was  based  on  small  and  poorly  pig- 
mented colonies  of  this  form  and  should  no  longer  be  regarded  as  distinct. 

Trididemnum  solidum  (Van  Name),  1902 

Figures  10-12 

1902.     Dideinnum  solidum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  358,  PI.  li, 

figs.  31,  36;  PI.  Lix,  fig.  119. 
1909-1911.     Trididemnum  solidum   Hartmeyer,  Bronn's  *Tier-reich,*    III,    suppl., 

pp.  1446,  1633. 

This  species  was  described  from  a  single  specimen  now  in  the  Yale 
University  collection  obtained  at  Coney  Island,  Bermuda,  in  shallow 
water.  It  is  of  irregular  form,  45  mm.  in  greatest  length,  and  4  to  5  mm. 
in  thickness  in  some  parts,  and  incrusts  a  piece  of  seaweed.  The  test  is 
rather  hard  and  opaque,  owing  to  the  abundance  of  the  spicules,  which 
are  quite  uniformly  distributed  throughout  the  colony.  During  life  it 
was  of  a  pale  reddish-gray  color,  ahnost  a  flesh-color,  darker  above;  this 
faded  in  preservation  to  a  yellowish  white.  Surface  slightly  raised  over 
the  position  of  each  zooid;  branchial  apertures  moderately  conspicuous, 
not  very  close  together.    Spicules  seldom  exceeding  .05  to  .06  mm.  ic 
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diameter;  they  have  quite  numerous  well-formed  and  regular  conical 
points;  the  points  are  short  and  arise  from  a  lai^e  central  spherical  mass. 
The  individual  points  have  the  form  of  concave-sided  cones  and  are  thue 
rather  narrow  toward  the  apex  in  spite  of  having  a  broad  base.  Bladder 
cells  few  in  most  parts  of  the  colony. 

The  zooids  do  not  appear  to  differ  materially  from  those  of  T. 
savignii,  except  in  being  rather  small  and  slender  and  perhaps  also  in 
having  somewhat  fewer  stigmata  in  the  rows. 


12.    Spicule*  of  »  nlanr  trom  Porto  Rico, 

Among  the  Porto  Rico  material  collected  by  the  American  Museum 
expeditions  there  are  two  good-sized  colonies  and  one  small  one  which 
^ree  well  with  the  type  (if  T.  aolidum  from  Bermuda  in  most  characters. 
The  larger  colony  incruats  a  convex  head  of  dead  coral  and  would  mea- 
sure, if  flattened  out,  about  130  mm.  across  and  4  to  5  mm.  thick,  or  in 
some  places  even  thicker.  In  its  yellowish  white  color  (in  alcohol)  and 
in  the  character  of  the  surface  and  of  the  test  it  closely  resembles  the 
Bermuda  specimen.  The  zooids  likewise  are  elongate  and  slender  and 
have  only  about  eleven  or  twelve  stigmata  in  a  row  on  each  side.  Some 
of  them  have  well-developed  reproductive  organs  similar  to  those  of 
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T.  savigniif  described  above.    The  spicules  in  all  the  colonies  are  numer* 
ous  and  closely  crowded ;  they  average  greater  in  diameter  than  those 
in  the  Bermuda  type  of  T.  solidum,  sometimes  reaching  .07  mm.  or  even 
.08  mm.  across  the  points.    The  points  are  much  fewer  and  longer  and 
slenderer  than  in  the  type  colony,  but  quite  regular  and  the  spicules  have 
in  consequence  a  very   symmetrical  stellate  form.    These  Porto  Riean 
specimens  were  dredged  south  of  Guanica  on  sandy  bottom  with  coral 
rocks  and  algse,  in  depths  of  about  23  and  35  fathoms,  and  between  Cajo 
Caribe  and  Cayo  Parguera  in  5K  to  8  fathoms.    The  National  Museum 
contains  similar  specimens   (also  with  rather  long-pointed  spicules) 
from  the  Bahamas,  collected  by  B.  A.  Bean,  1903,  and  from  Mosquito 
Bay,  St.  Thomas,  collected  by  C.  R.  Shoemaker,  also  several  very  large 
ones  from  St.  John  (former  Danish  W.  I.),  growing  on  miUepore  corals, 
collected  by   Mr.   Shoemaker.   One  of  these  is   250  nmi.   in  maxi- 
miun  length,  covering  a  flattened  branch  of  the  coral  on  both  sides  and 
having  a  maximmn  width  of  over  80  mm.,  but  it  is  not  very  thick  at  any 
point. 

This  species  is  evidently  closely  allied  to  T.  savignii,  especially 
to  the  form  pontes,  and  its  distinctness  cannot  be  regarded  as  very  well 
established. 

Trididemnum  orbiculatum  (Van  Name),  1902 

Figures  13-15 
1902.     Didenmum  orbiadatum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  361.  Pi. 

u,  figs.  32,  38;  PI.  lxi,  figs.  127a,  128. 
1909-1911.     Trididernnum  orbiculatum  HaTtmeyeTjBronn' 8  'Tier-reich,'  III,  suppl, 

pp.  1446,  1633. 
1916.     IHdemnum  orhicidatum  Pratt,  'Manual  Common  Invert.  Animals/  p.  671. 
1921.     Trididemnun  orhicidatum  Michaeisen,  Arkiv  f6r  Zoologi,  XIII,  No.  23,  p.  24. 

Colony  (in  contrast  to  that  of  T,  savignii)  always  very  thin,  flat 
and  incrusting,  translucent;   during  life  of  a  characteristic  light  slate- 
gray  color  fading  to  almost  white  on  preservation.    Size  of  the  largest 
specimens  25  to  30  mm.  across  and  2  mm.  or  less  in  thickness.    Surface 
smooth  in  fresh  specimens;    in  preserved  material  often  uneven  and 
raised  over  the  positions  of  the  zooids,  which  are  usually  quite  thickly 
and  evenly  distributed,  and  are  more  or  less  concealed  by  a  rather  dense 
layer  of  spicules  in  the  upper  stratimi  of  the  colony.    The  spicules  are  so 
distributed  that  the  surface  of  the  colony  usually  shows  over  the  position 
of  each  zooid  a  circular  or  oval  area  of  about  the  diameter  of  the  thorax, 
more  transparent  than  the  intervening  spaces,  which  latter  are  whiter 
and  more  opaque,  owing  to  the  greater  abundance  of  spicules  there. 
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Spicules  mostly  between  .035  and  .04  mm.  in  diameter,  quite  regularly 
stellate,  with  a  moderate  number  of  rather  long  points  of  fairly  regular 
t^iering  conical  form. 

Zooids  very  small,  often  only  1  mm.  long  when  much  contracted. 
Usually  there  is  much  blackish  pigment  in  the  cells  of  the  mantle  in 
the  thoracic  region.  Branchial  orifice  six-lobed;  atrial  orifice  almost 
pifun-edged,  without  a  languet.  It  is  situated  either  opposite  the  middle 
of  the  thorax,  or  farther  toward  the  posterior  end,  and  is  produced  into  a 
very  short  tube.  A  strong  muscular  process  extends  back  into  the  com- 
mon test  from  the  constricted  middle  region  of  the  body. 


Figs.  13-15.    rrWtdemnumorfticuiaium  (Van  Name),  1902 
Fla.13.    Laftlidaotwwid,  XtO.    Fia.  14    Spicubg.  X  100.    Fie.  IG.    Fartodurrare  of  Folooy 
■howinc  dlatribution  of  (piculv  in  luperScul  layer  of  Hat.  X  IS. 

Strong  sphincters  are  present  about  the  apertures  and  many  strong 
longitudinal  muscle  bands  on  the  thorax,  which  so  contract  that  part  of 
the  body  that  a  satisfactory  study  of  the  internal  parts  becomes  very 
difficult. 

There  is  a  total  of  at  least  eight  tentacles  of  two  sizes;  possibly  addi- 
tional smaller  ones  may  be  present. 

Three  rows  of  stigmata  with  probably  not  over  eight  or  ten  in  a  row 
on  each  aide. 

No  peculiarities  in  the  alimentary  organs  were  noted;  stomach 
rounded;  intestinal  loop  small. 

Although  sooids  from  many  colonies  collected  in  April  and  May  were 
examined,  no  male  reproductive  organs  were  found.  (Specimens  of  T. 
sMtgnii  collected  st  that  season  usually  have  them  well  developed). 
Many  of  the  Hxnds,  however,  contain  one  or  two  large  eggs  in  the  ab- 
domen. 


322  BuU^in  Americatn  Museum  of  Naiwr^  Hidory  [Vol.  XLH' 

This  species  is  known  only  from  Bennuda,  where  it  was  found  com- 
mon on  the  under  side  of  large  stones  at  many  points  along  the  shore, 
especially  at  Long  Bird  Island,  Waterloo,  and  Castle  Harbor,  growing  in 
company  with  other  ascidians  such  as  Didemnum,  LUsodinum  and 
BoiryUxjL8. 

As  a  considerable  number  of  specimens  were  obtained,  all  veiy  ocm- 
stant  in  their  characters  and  quite  difiFerent  in  appearance  from  T.  samg- 
nii  during  life  and  in  preservation,  it  seems  likely  that  this  is  a  valid 
species  in  spite  of  the  variability  shown  to  exist  in  7*.  samqnii  by  the 
material  now  available. 

The  type  is  in  the  Yale  University  collection. 

DmiMMUM  Savigny,  1816 

[  =  Lej^odinum  aud.  muU,] 

Four  rows  of  stigmata  in  the  branchial  sac.    Proximal  part  of  the  sperm  duct 
wound  spirally  about  the  testis.    Calcareous  spicules  present  in  the  test. 

Subgenus  DmnoruM 

Atrial  orifice  not  produced  into  a  tube  and  usually  without  a  languet.   Testis 
single  or  divided  into  not  more  than  two  lobes  or  separate  glands. 

The  white  or  yellowish  (sometimes  reddish)  colonies  of  animate  of 
this  group,  which  incrust  stones,  sponges,  algse  and  other  objects,  and 
are  often  so  densely  crowded  with  minute  spherical  or  stellate  spicules 
as  to  become  hard  and  brittle,  are  common  in  many  parts  of  the  world. 
Under  the  wrongly  applied  name  LeptocUnum  Milne-Edwards,  they  are 
familiar  to  nearly  everyone  who  has  collected  marine  invertebrates. 
Their  systematic  treatment  involves  many  difficulties.    The  colonies  are 
too  opaque  to  study  in  a  living  state,  and  the  zooids  are  minute  and  ex- 
ceptionally hard  to  preserve  except  in  a  violently  contracted  condition 
that  makes  a  study  of  the  organs  difficult.   Such  features  ab  the  character 
of  the  surface  of  the  colony,  whether  smooth  or  wrinkled,  whether  the 
apertures  and  the  systems  in  which  the  zooids  are  arranged  are  con- 
spicuous or  obscurely  visible,  or  differences  in  the  size  of  the  zooids  or  in 
the  proportions  and  shape  of  their  soft  parts  are  not  reliable  as  specific 
or  even  varietal  characters.    Many  such  apparent  differences  are  due  to 
varying  states  of  muscular  contraction  or  varying  degress  of  shrinkage 
incident  to  preservation,  or  to  modifications  due  to  the  immediate  effect 
of  the  conditions  under  which  the  colony  grew.     Differences  in  the 
spicules  of  the  colonies  exist,  but  with  a  large  series  of  specimens  at  hand 
such  a  complete  gradation  between  the  extremes  is  shown  that  these 
differences  lose  most  of  their  weight,  and  I  have  been  forced  to  the  con- 
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elusion  that  most  of  the  members  of  the  subgenus  Dtdemnum  inhabiting 
the  Atlantic  Coast  from  southern  Massachusetts  southward  to  Brazil, 
including  Bermuda  and  the  West  Indies,  as  well  as  a  large  proportion  of 
the  supposed  species  described  from  the  warmer  parts  of  the  Old  World, 
belong  to  one  variable  species.  For  this  the  specific  name  candidum 
Savigny,  1816,  appears  to  have  priority.  The  evidence  seems  to  be 
increasing  that,  instead  of  Dtdemnum  being  one  of  the  largest  genera  of 
ascidians,  the  members  of  it  which  can  be  distinguished  by  any  reliable 
and  constant  characters  are  in  reality  few,  though  in  some  cases  widely 
distributed  geographically. 

Didemnum  candiduxn  Savigny,  1816 
Figures  16-25 

1816.     Didemnum  candidum  Savigny,  'M^m.  8.  1.  animaux  sans  vert^bres,'  pt.  2, 

pp.  14,  194,  PI.  IV,  fig.  3;  PI.  xx,  figure  1. 
1886.    Leptodinum  8pecio8um-\-L.  a.  var.  asperum  Herdman,  'Rept.  Voy.  Challenger, 

Zool.,'  XIV,  pp.  274,  277,  PI.  xxxiv,  figs.  8-13;  PI.  xxxvi,  figs.  1-9. 
71886.    Leptodinum  annedena  Herdman,  *Rept.  Voy.  Challenger,  Zool.,'  XIV,  p. 

280,  PI.  xxxiv,  fig.  14;  PI.  xxxviii,  figs.  5-9. 
1891.     Leptodinum  apecioaum+L.  a.  var.  aaperum  Herdman,    Joum.    Linn.    Soc. 

London,  Zool.,  XXIII,  p.  631. 
1897.    Leptodinum  apecioaum  var.  aapera  Sluiter,  Zool.  Jahrb.,  Syst.,  XI,  p.  39. 
1902.    Leptodinum  «pccu>«wm-h varieties,  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI, 

p.  363,  PI.  ui,  figs.  39,  42-52;   PI.  lxi,  fig.  127;    PI.  lxii,  figs.  130c, 

132,  134-136. 
1909-11.     Didemnum  «pecio«uni -{-varieties  Hartmeyer,   Bronn's  *Tier-reich,*   III, 

suppL,  pp.  1450,  1633,  1634. 
1920.     Didemnum  apecioaum  Michaelsen,  Jahrb.  Wiss.  .Anst.,  Hamburg,  XXXVII, 

suppl.,  p.  32. 
See  also  Michaelsen,  Abhand.  Nat.  Verein,  Hamburg,  XXI,  pt.  1,  p.  23,  1919. 

The  above  list  includes  only  synonyms  and  references  applying  to 
this  species  as  found  in  the  region  covered  by  this  paper.  See  also  p. 
331. 

[The  following  also  belongs  to  this  species  but  is  probably  distinguish- 
able as  a  subspecies  or  geographical  race. 

1910.  Didemnum  luiarium  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV,  p. 

371,  PI.  xxxvii,  tig.  7,  text  figs.  8,  9. 
1909-11.     Didemnum  lutarium  Hartmeyer,  Bronn's  'Tierr-reich,*  III,  suppl.,  p.  1741. 

191 1 .  Didemnum  lutarium  Sumner,  Osburn  and  C^ole,  Bull.  U.  S.  Bureau  of  Fisheries, 

XXXI,  p.  731;  chart  194. 

1912.  Didemnum  luiarium  Hartmeyer,  'Deutech.  Tiefsee-Exp.,'  XVI,  p.  326. 

For  a  discussion  of  the  synonyms  and  distribution  of  this  form  see  Van  Name, 
1910.) 
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Colony  of  the  incrusting  type,  usually  thin  (not  over  2  or  3  mm. 
thick),  though  sometimes  measuring  60  to  70  nun.  across  or  occasionally 
considerably  more.  When  growing  on  uneven  objects,  its  thickness  in 
some  places  may  become  considerably  greater  than  above  stated.  This 
is  its  usual  form  of  development  when  growing  on  a  continuous  surface 
as  a  stone  or  a  shell,  but  often  it  grows  on  an  irregular  branching  object, 
as  a  gorgonian,  hydroid,  or  branching  sponge.  In  such  cases  it  surrounds 
the  branches  and  often  binds  together  or  incloses  two  or  more  of  them. 
As  it  grows  larger  it  may  finally  entirely  envelop  the  object,  covering  all 
its  branches  and  assuming  more  or  less  its  form.  Such  colonies  are  inter- 
mediate between  the  usual  incrusting  form  and  certain  other  peculiar 
ones  that  at  first  sight  might  be  taken  for  a  different  species.  These  latter 
have  the  form  of  large  rounded  or  dome-shaped  masses  with  a  deeply 
convoluted  and  plicated  surface  penetrated  in  different  directions  by 
numerous  clefts,  canals  and  passages  of  various  diameters,  giving  the 
colony  as  a  whole  a  sponge-like  character  as  far  as  its  shape  is  concerned. 
There  are  zooids  opening  on  the  walls  of  the  clefts  and  canals  as  well  as 
on  the  outer  surface.  The  National  Musemn  contains  such  colonies 
dredged  at  stations  in  the  Gulf  of  Mexico  in  water  down  to  28  fathoms 
deep,  that  measure  100  to  130  mm.  in  diameter.  I  regard  such  colonies 
as  resulting  merely  from  the  original  attachment  of  the  colony  to  an 
object  of  complex  branching  form  as  a  hydroid,  alga,  or  perhaps  a  sponge, 
which  in  course  of  time  the  ascidian  may  entirely  inclose  and  kill,  the 
different  lobes  of  the  ascidian  colony  finally  uniting  where  they  approach 
close  together  but  leaving  many  clefts  and  canals  between  them,  thus 
forming  the  sponge-like  colony.  Similar  forms  occur  in  the  Malayan 
representatives  of  this  genus  (see  Van  Name,  1918,  p.  148),  and  Sluiter 
(Siboga-Exp.,  LVI6,  p.  67)  has  described  a  species,  D,  spongioideSy  on 
the  basis  of  such  a  colony-form,  a  course  which  does  not  seem  justifiied. 

Color  usually  white,  sometimes  very  pure  white,  in  other  cases  yel- 
lowish or  less  frequently  reddish;  in  turbid  waters  more  or  less  discolored 
with  mud.  Borders  of  the  colony  varying  from  thin  to  thick  and  rounded, 
surface  very  variable,  sometimes  quite  even,  in  other  cases  much 
wrinkled.  The  surface,  if  comparatively  free  from  spicules  in  the  extreme 
superficial  part,  may  be  somewhat  glossy  and  smooth  to  the  touch,  but 
any  abundance  of  spicules  there  renders  it  a  dead  white  and  makes  it  feel 
sUghtly  gritty.  When  the  spicules  are  abundant,  the  zooids,  which  are 
yellow  or  in  parts  orange  during  life,  may  be  entirely  concealed,  unless 
their  branchial  apertures  are  expanded,  but  their  positions  are  often  in- 
dicated by  a  small,  low,  rounded  elevation  over  the  anterior  end  of  each 
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zooid.  When  less  abundant  the  spicules  are  often  chiefly  gathered  in  the 
upper  layers  of  the  colony,  leaving  the  deeper  portions  of  the  test  yel- 
lowish and  translucent  and  the  colony  comparatively  soft.  In  some 
colonies  the  branchial  apertures  are  conspicuous  in  the  preserved  condi- 
tion and  each  is  surrounded  by  a  minute  circle  of  more  densely  crowded 
spicules  within  which  the  six-lobed  character  of  the  aperture  is  indicated 
by  six  minute  groups  of  very  small  spicules  between  the  lobes.  (This  is, 
however,  not  always  demonstrable,  and  is  not  peculiar  to  this  species.) 
Bladder  cells  are  present  in  the  test  in  varying  quantity;  their  nmnber  or 
distribution  does  not  appear  to  afford  a  diagnostic  character.  The  sys- 
tems in  which  the  zooids  are  arranged  are  complex,  and  except  in  small 
colonies  a  number  of  common  cloacal  apertures  are  present,  though  in 
preserved  material  these  are  usually  by  no  means  easy  to  demonstrate. 
Different  colonies  vary  very  greatly  in  respect  to  the  clearness  with  which 
these  systems  and  the  courses  of  the  conmion  cloacal  ducts  show  on  the 
surface.  These  features  may  be  very  conspicuous,  so  that  the  zooids 
are  seen  to  be  arranged  in  branching  and  curving  lines,  or  they  may  be 
impossible  to  foDow  out,  the  zooids  appearing  to  be  merely  scattered 
irregularly  in  the  superficial  part  of  the  colony. 

The  varying  abundance  and  distribution  of  the  spicules,  which  are 
of  spherical  stellate  form,  have  already  been  noted.  It  should  be  added 
that  colonies  growing  on  hard  rigid  objects  (corals,  stones,  mollusk  shells, 
etc.)  usually  have  the  most  abundant  and  uniformly  distributed  spicules, 
and  become  very  rigid  and  brittle,  as  there  is  no  necessity  for  any  move- 
ment or  bending  of  the  common  test  except  to  permit  of  the  expansion  of 
the  zooids.  Those  growing  on  soft  sponges,  flexible  plants,  etc.,  which  do 
not  provide  a  rigid  and  immovable  support,  are  more  apt  to  have  the 
spicules  less  closely  placed,  giving  a  more  flexible  colony  capable  of 
yielding  to  movements  of  the  supporting  surface. 

In  some  colonies  the  spicules  exhibit  very  striking  uniformity  in 
size,  in  others  they  areof  various  sizes,  which  may  be  present  in  varying 
proportions;  occasional  abnormally  large  spicules  (''giant  spicules") 
may  be  found  in  a  few  specimens.  The  usual  diameter  of  the  spicules 
varies  in  different  colonies  from  .025  mm.  (sometimes  even  less)  to  about 
.04  or  .05  nun.;  rarely  more.  Conmionly  there  is  within  a  single  colony 
great  uniformity  in  the  shape  of  the  spicules,  as  well  as  in  their  size;  dif- 
ferent colonies,  even  those  growing  side  by  side  on  the  same  stone,  may 
differ  conspicuously  in  the  type  and  average  size  of  their  spicules.  The  il- 
lustrations here  given  (Figs.  17-25)  show  typical  groups  of  spicules  from 
different  colonies  and  illustrate  the  principal  modifications  that  occur. 
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except  that  there  will  often  be  found  a  greater  or  less  number  of  imperfect 
and  incompletely  formed  spicules,  some  with  only  slight  defects  in  form, 
regularity,  etc.,  others  so  imperfect  that  their  nature  is  doubtful,  and 
they  may  be  regarded  as  merely  shapeless  calcareous  deposits.  In  a 
majority  of  the  colonies,  however,  such  imperfect  spicules  are  few,  or 
wanting  almost  entirely,  and  the  spicules  under  magnification  present  a 
picture  of  striking  uniformity  and  regularity  in  shape  and  size. 

Such  spicules  as  shown  in  Fig.  18  may  be  regarded  as  the  typical 
shape  for  this  species.  They  have  moderately  numerous,  tapering, 
conical  points  or  rays,  beautifully  regular  in  form  and  arrangement,  but 
the  stoutness  of  the  cones  in  proportion  to  their  height,  the  number  of 
points  or  rays,  and  the  bulk  of  the  solid  central  mass  formed  by  their 
bases  (or  from  which  they  may  be  regarded  as  projections)  vary  in  differ- 
ent colonies,  though  often  fairly  constant  within  any  single  colony. 
Such  spicules  are  usually  from  .030  to  .045  mm.  in  diameter. 

From  this  typical  form  modifications  may  take  place  in  several 
directions,  as  shown  in  the  illustrations,  resulting  in  extreme  cases  in 
spicules  of  quite  different  appearance.  These  modifications  are  appar- 
ently often  a  manifestation  of  a  certain  degree  of  deficiency  in  the  spicule- 
forming  function  of  the  colony  or,  as  suggested  by  Michaelsen  (1919a, 
p.  6),  of  arrested  development  of  the  spicules  before  they  have  attained 
their  perfect  form. 

The  chief  modifications  from  the  typical  form  of  spicules  consist  in 
(1)  a  blunted  or  more  or  less  broken  condition  of  the  points  (Figs.  17, 
23, 24)  which,  when  carried  to  an  extreme,  results  in  considerable  shorten- 
ing of  the  latter  and  an  approach  to  a  knobbed  spherical  form  for  the 
spicule  as  a  whole  (Figs.  17,  25);  (2)  a  rounding  out  of  the  sides  of  the 
cones  which  may  nevertheless  remain  sharp  (Figs.  20,  21);  (3)  an  ap- 
proach to  a  cylindrical  form  in  the  points  or  rays,  the  tips  being  blunted 
or  rounded  (Fig.  22);  and  (4)  in  the  points  or  rays  becoming  weak, 
slender  and  needle-like,  resulting  in  a  burr-like  spicule  (Fig.  23).  In 
this  last  modification  the  spicules  often  become  much  reduced  in  size. 
All  these  various  modifications  occur  in  varying  degrees  and  may  be 
accompanied  by  increase  or  decrease  in  the  number  of  rays  or  components 
of  the  spicules,  so  that  a  great  variety  of  minor  modifications  result. 

Except  in  the  form  treated  below  as  a  separate  sptH'ios  {D.  fusi- 
ferum)  and  in  one  other  case  I  have  been  unable  to  connect  variation  in 
the  spicules  with  geographical  distribution.  Colonies  with  typical  or 
nearly  typical  spicules  are  the  most  numerous;  those  exhibiting  extremes 
of  variation  of  any  kind  are    less  often   met  with.     The    modifica- 
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tions  shown  in  Fig.  23  are,  however,  quite  frequent;  when  colonies  grow 
under  conditions  unfavorable  for  spicule  formation,  the  production  of 
such  burr-like  spicules  (usually  small  in  size  and  reduced  in  numbers) 
seems  to  be  the  most  conunon  result. 

,  In  a  previous  article  (1902)  I  jrave  names  to  several  variations  of 
this  species  that  were  collected  at  Bermuda  (vars.  bermudense^  psigdi^ 
hamiltonif  harringtonense,  acutilobsUum  and  somersi),  but  at  the  present 
time  I  cannot  regard  these  as  representing  true  races  or  subspecies. 
Herdman's  (1886)  var.  asperum — the  name  asperum  is  antedated  by  D. 
asperum  (Milne-Edwards),  1841 — may  likewise  merely  represent  an 
individual  variation.  Didemnum  Iviarium  Van  Name,  1910,  on  the 
other  hand,  may  have  some  claims  to  validity  as  a  subspecies  (see  below). 

In  completing  this  description  of  the  general  character  of  the  colony, 
it  should  be  mentioned  that  there  are  occasional  colonies,  apparently 
of  this  species,  which  for  some  unexplained  reason  develop  very  few 
spicules  in  the  test,  so  that  the  colony  remains  soft,  flexible,  semitrans- 
parent,  and  (in  the  preserved  material)  of  a  yellowish  or  grayish  color. 
The  few  spicules  present  are  generally  in  the  upper  parts  of  the  colonies 
(sometimes  chiefly  about  the  branchial  apertures  of  the  zooids)  and 
are  of  small  size  and  usually  of  the  forms  shown  in  Fig.  23.  Such 
colonies  may  attain  a  large  size  and  appear  normal  in  all  other  respects 
except  in  the  scarcity  and  poor  development  of  the  spicules,  though  this 
deficiency  gives  them  a  very  different  superficial  appearance.  I  have 
seen  such  colonies  from  widely  separated  localities  (Florida,  Porto  Rico, 
and  South  Carolina). 

There  are  also  colonies  containing  large  accumulations  of  dark- 
colored  faecal  pellets  in  the  cloacal  canals  and  cavities  and  imbedded 
in  the  solid  test  substance.  I  quite  agree  with  Michaelsen's  view  (1919a, 
p.  11)  that  this  is  merely  the  result  of  some  abnormal  or  pathological 
condition,  the  water  currents  being  insufficiently  strong  to  carry  oflf  this 
waste  material.  Its  presence  in  large  quantities  may  greatly  alter  the 
appearance  of  the  colonies  and  make  it  difficult  to  realize  that  they  be- 
long to  the  same  species  as  normal  examples,  and  SoUas,  1903,  even  went 
so  far  as  to  found  a  genus  (Hypurgon)  on  a  colony  of  one  of  the  common 
species  of  Didemnum  exhibiting  the  above  conditions.  (See  Michaelsen 
1919a,  p.  11.)  That  some  of  the  faecal  pellets  occur  imbedded  in  the 
test  itself  requires  no  difficult  explanation.  In  the  course  of  the  growth 
and  development  of  the  colony  certain  branches  of  the  cloacal  canals 
cease  to  be  functional  because  of  the  death  and  absorption  of  the  zooids 
discharging  into  them.    The  growth  of  the  test  substance  closes  these 
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f  unctionles8  branches  and  gradually  fills  their  cavities,  leaving  the  deposits 
of  fsBcal  pellets  they  contained  entirely  surrounded  by  test  substance. 

When  considerably  expanded,  the  zooids  may  measure  1.6  nun.  in 
total  length,  even  in  preserved  material,  but  in  most  alcoholic  specimens 
they  will  be  found  strongly  contracted  and  often  not  more  than  1  or  1.1 
mm.  long.  They  have  six  lobes  to  the  branchial  tube;  these  lobes  vary 
greatly  in  length  and  form  in  different  colonies.  A  tapering  muscular 
process,  often  of  considerable  length,  extends  out  into  the  test  from  the 
constricted  middle  part  of  the  zooid;  its  development  is  very  variable  in 
diflFerent  colonies,  though  often  quite  constant  within  the  same  colony. 
Atrial  orifice  round,  without  a  languet.  Its  border  is  usually  almost  flush 
with  the  dorsal  surface  of  the  thorax;  even  if  slightly  raised  it  is  not 
produced  sufficiently  to  form  a  tube. 

In  adult  zooids  there  are  generally  sixteen  tentacles  representing 
three  orders  (4+4+8),  but  one  or  two  of  the  large  ones  may  exceed  the 
others  in  size  and  the  small  tentacles  do  not  appear  to  be  always  de- 
veloped. 

Dorsal  languets  borne  on  the  transverse  vessels  of  the  left  side  of  the 
branchial  sac  a  little  removed  from  the  median  dorsal  vessel. 

Stigmata  in  four  rows;  twelve  on  each  side  was  the  maximum  nmn- 
ber  demonstrated  in  a  single  row;  in  many  cases  the  number  in  a  row 
does  not  appear  to  be  so  large,  about  ten  in  the  anterior  rows  and  as  few 
as  eight  in  the  posterior  row. 

Stomach  rounded;  ascending  part  of  the  intestine  surrounded  by  a 
branching  glandular  organ  composed  of  from  five  to  ten  thin-walled 
tubules  which  unite  to  form  a  duct  opening  into  the  proximal  part  of  the 
intestine  just  beyond  the  pylorus.  One  or  more  valvular  constric- 
tions may  be  present  in  the  intestinal  loop;  their  presence  does  not 
seem  to  be  a  constant  character. 

Testis  sometimes  cleft  into  two  more  or  less  completely  or  almost 
completely  separated  lobes  or  distinct  glands,  but  oftener  it  is  undivided. 
I  have  never  observed  it  cleft  into  three  lobes  or  glands.  The  sperm  duct 
usually  makes  six  or  eight  spiral  turns  about  the  testis.  Ovar>''  consist- 
ing of  a  few  eggs  situated  in  the  region  between  the  stomach  and  testis. 

This  species  ranges  on  the  American  coast  from  the  Isles  of  Shoals 
off  the  coast  of  New  Hampshire  (though  it  is  local  or  rare  north  of  Cape 
Cod)  to  Bahia,  Brazil  (Herdman,  1886),  including  Bermuda,  and  is  in 
many  parts  of  the  West  Indian  region  the  commonest  of  the  littoral  and 
shallow-water  ascidians,  and  the  species  that  in  a  miscellaneous  collec- 
tion will  usually  be  most  numerously  represented.    Almost  all  the  speci- 
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mens  in  the  collections  studied  are  from  shallow  water  (low  water  to  28 
fathoms);  but  the  National  Museum  collection  contains  a  few  specimens 
from  deeper  water,  98  to  201  fathoms  (see  below)  that  appear  to  belong: 
here. 

It  is  abundant  at  Bermuda,  on  both  coasts  of  Florida  and  in  the 
comparatively  shallow  water  of  the  eastern  part  of  the  Gulf  of  Mexico, 
and  at  Porto  Rico  (south  coast).   Other  localities  are  the  Bahamas;  St. 
Thomas  (on  piles) ;  oflf  Cape  San  Antonio,  Cuba;  Montego Bay,  Jamaica; 
Colon,  Panama.    Specimens  from  along:  the  coast  of  the  United  States 
between  Florida  and  Long  Island,  N.  Y.,  are  few.   The  National  Museum 
collection,  however,  contains  colonies  from  Winyah  Bay,  South  CaroKna, 
and  from  Stations  2617,  Steamer  Albatross  (33°  37'  30"  N.,  77**  36'  30" 
W.,  14  fathoms)  and  2619  (33°  38'  N.;  77°  36'  W.,  15  fathoms);  also 
from  Hampton  Roads,  Virginia.    On  the  coasts  of  Long  Island,  N.  Y. 
and  southern  New  England  it  again  becomes  conMnon;  the  specimens 
from  this  region  appear  to  represent  a  slightly  distinguished  northern 
race  or  subspecies  described  originally  as  a  species,  D.  lutarium  Van  Name, 
1910.    This  race  was  for  a  long  time  confused  by  Verrill  and  others 
with  D,  (Tetrsuiidemnum)  aWidum   (Verrill),    1871,  a  totally  different 
arctic  and  subarctic  species  whose  range  overlaps  that  of  the  present  one 
on  the  New  England  coast.     The  New  England  subspecies  or  race 
(lutariujn)  is  characterized  by  rather  small  spicules  (in  many  colonies 
only  .02  to  .025  mm.  or  less  in  diameter),  with  rather  short,  though  well- 
formed,  conical  points,  rounded  off  at  the  extreme  tip  (Fig.  19);  rather 
small  zooids;    and,  in  contrast  to  the  great  variability  exhibited  by 
Florida,  Bermuda  and  West  Indian  specimens,  by  a  considerable  degree 
of  constancy  in  the  above  characters.    On  the  coasts  of  the  Southern 
States  it  appears  to  grade  into  the  typical  form. 

Specimens  of  this  species  from  deeper  water  were  collected  by  the 
Steamer  Albatross  and  Fish  Hawk  at  the  following  Stations:  Station 
2387,  29°  24'  N.,  88°  04'  W.,  32  fathoms,  sand,  gravel,  and  broken  shells; 
Station  2147,  9°  32'  20"  N.,  79°  54'  45"  W.,  34  fathoms,  coral;  Station 
7511,  Gulf  Stream  off  Cape  Florida,  45  fathoms,  rocky;  Station  2159, 
23°  10'  39"  N.,  82°  20'  08"  W.,  98  fathoms,  coral;  Station  2168,  23°  10' 
36"  N.,  82°  20'  20"  W.,  122  fathoms,  coral;   Station  2323,  23°  10'  51" 
N.,  82°  19'  03"  W.,  173  fathoms,  coral;   Station  2264,  37°  07'  50"  X., 
74°  34'  20"  W.,  167  fathoms,  gray  sand;  Station  2167,  23°  10'  40"  N., 
82°  20'  30"  W.,  201  fathoms,  coral.    Most  of  these  deeper  stations  are  so 
located  that  the  bottom  temperature  cannot  have  been  verj^  low. 
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It  grows  on  any  kind  of  bottom  affording  objects  to  attach  itself  to, 
and  is  often  found  on  other  ascidians.  Two  colonies  (apparently  of  this 
species,  though  containing  very  few  and  small  spicules)  covered  the 
backs  of  crabs,  probably  Dromidia  arUiUensis,  found  on  piles  of  the  rail- 
road wharf  at  Montego  Bay,  Jamaica. 

Savigny's  type  of  this  species  was  from  the  Red  Sea.  Material  from 
that  region  has  recently  been  studied  and  described  in  detail  by  Hart- 
meyer,  1916,  p.  419,  and  Michaelsen,  1919a,  p.  18,  and  there  seems  to  be 
no  sufficient  reason  for  maintaining  the  American  form  distinct  from  it. 
I  believe  that  the  species  is  very  widely  distributed  in  the  Indian  Ocean 
and  Malay  region,  and  that  a  number  of  the  supposed  species  that  have 
been  described  from  those  parts  of  the  world  must  be  united  with  it. 
The  Philippine  form  D.  grande  (Herdman),  1886,  (see  also  Van  Name, 
1918)  is  among  those  probably  synonymous.  Michaelsen  (1919a,  p.  18) 
would  also  unite  specimens  from  the  region  of  the  Straits  of  Magellan 
with  Savigny's  form.  If  no  distinguishing  character  can  be  discovered, 
the  justification  for  this  course  must  be  admitted,  although  the  occur- 
rence of  a  more  or  less  decidedly  tropical  form  in  a  region  of  such  cold 
water  is  hardly  what  would  be  expected.  I  must,  however,  differ  most 
decidedly  with  him  in  his  proposal  (loc.  cit.y  p.  23)  to  separate  the 
Bermuda  Didemnums  from  the  other  tropical  American  ones  and  unite 
them  with  D.  studeri  Hartmeyer,  1911  (type  from  Kerguelen  Id.),  appar- 
ently merely  because  they  often  have  the  testis  divided  into  two  parts. 
That  is  an  individual  peculiarity  which  occurs  also  in  some  West  Indian 
and  New  England  specimens  and  does  not  appear  to  be  of  importance. 
But,  even  if  it  were  so,  the  fact  that  D.  studeri  commonly,  if  not  normally, 
has  a  three-parted  testis,  a  condition  I  have  never  observed  in  the  many 
West  Indian  and  Bermuda  colonies  I  have  examined,  would  seem  to 
exclude  identity  with  that  antarctic  and  sub-antarctic  species,  aside 
from  the  improbability  of  it  on  account  of  climatic  reasons. 

Didemnum  fuBiforuxn,  new  species 

Figure  26 

In  dealing  with  the  species  just  described,  instances  of  colonies  with 
poorly  developed  spicules  were  noted.  In  such  specimens  the  spicules 
are  generally  below  the  normal  both  in  respect  to  number  and  size  and 
in  the  development  of  their  rays  or  points,  which  may  deviate  from  the 
normal  conical  form  in  either  of  two  principal  ways,  by  being  irregularly 
blunted  and  shortened,  or  by  becoming  slender  and  less  regular  (some- 
times needle-like)  and  very  numerous,  rehulting  in  a  burr-like,  rather 
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than  a  stellate,  spicule.  Either  of  those  modifications,  if  carried  to  an 
extreme,  results  in  a  nearly  spherical  spicule  whose  true  character  is 
visible  only  by  considerable  magnification. 

The  National  Museum  collection,  however,  contains  some  speci- 
mens from  the  Gulf  of  Mexico  having  spicules  of  a  totally  different  char- 
acter, a  considerable  proportion  of  them  being  fusiform,  that  is,  composed 
of  two  cones  placed  base  to  base.  Such  may  be  regarded  as  two-rayed 
spicules.  In  the  same  colonies  are  other  spicules  composed  of  four,  six, 
eight,  or  more  such  conical  points;  when  these  points  are  sufiKcientfy* 
nmnerous  the  spicule  approaches  the  usual  stellate  form. 


Fig.  26.     EHdemnum  fimferumf  new  species 
Spicules,   X  460. 

I  have  been  at  a  loss  as  to  how  to  deal  with  these  specimens.  They 
may  represent  merely  another  of  the  endless  variations  of  D,  candidumj 
but,  if  so,  the  deviation  of  the  spicules  from  the  usual  type  is  not  of  the 
nature  either  of  arrested  development  or  degeneration,  since  the  points, 
even  when  only  two  or  four  in  number,  are  commonly  perfectly  formed. 
The  occasional  occurrence  of  similar  spicules  in  Didemnutn  japanicum 
(Herdman),  1886  (p.  302,  PI.  xxxiv,  figs.  1-7),  is  recorded,  though  most 
of  the  spicules  in  that  form  are  of  the  usual  stellate  type. 

Colony  of  the  incrusting  type,  in  some  parts  quite  thin  (3  nmi.  or 
less)  but  sometimes  becoming  thick  and  massive,  especially  when  grow- 
ing upon  irregularly  shaped  objects.  Several  large  colonies  from  off 
Cedar  Keys,  Florida,  growing  on  branching  gorgonians,  surround  their 
branches,  and  where  the  latter  arc  near  together  envelop  and  bind  to- 
gether two  or  more  of  them  in  the  test,  which  becomes  very  thick  and 
massive  (sometimes  over  30  mm.  thick,  where  there  are  zooids  on  all 
aspects).    One  of  these  irregularly  lo]:)ed  and  extended  colonies  measures 
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not  less  than  220  mm.  by  125  mm.  in  its  greatest  dimensions.  The  free 
edges  are  for  the  most  part  thick  and  rounded. 

Test  in  alcohol  of  the  usual  yellowish  color,  not  pigmented,  trans- 
lucent; the  more  opaque  but  light-colored  zooids  are  visible  through  it 
and  are  arranged  along  complex  branching  and  anastomosing  conmion 
cloacal  canals,  which  in  the  preserved  (but  probably  not  in  fresh)  material 
are  often  rendered  still  more  conspicuous  by  fiurows  on  the  surface. 
The  apertures  are  not  conspicuous  in  any  of  these  specimens. 

Spicules  generally  too  few  to  have  much  effect  on  the  transparency 
or  consistency  of  the  test;  they  are  irregularly  distributed,  chiefly  in 
the  upper  parts  of  the  colonies,  and  are  entirely  wanting  in  most  parts. 
Their  pecuUar  forms  (Fig.  26)  have  been  already  described;  in  size  they 
present  nothing  unusual,  the  larger  ones  averaging  only  from  .02  to  .03 
mm.  in  diameter  from  point  to  point.  Among  the  perfectly  formed 
spicules  are  also  imperfectly  or  incompletely  formed  ones,  and  also 
crystalline  and  irregular  deposits  of  calcareous  material,  which  may 
much  exceed  the  true  spicules  in  number  and  bulk. 

Zooids  fairly  large,  1.25  mm.  or  more  long  when  only  moderately 
extended.  They  agree  too  closely  with  those  of  D.  candidum  in  their 
characters  to  require  separate  description  or  illustration.  The  muscular 
process  extending  into  the  test  is  long  and  well  developed;  the  testis, 
as  in  D.  candidum,  may  be  either  single  or  distinctly  cleft  into  two  divi- 
sions. 

The  specimens  are  all  from  oflF  the  west  coast  of  Florida.  The  type 
and  also  several  other  colonies  (or  perhaps  fragments  of  the  same  colony) 
are  from  Station  7147,  Steamer  Fish  Hawk  (29°  52'  10"  N.,  83°  51'  47" 
W.,  3  fathoms,  sand  and  coral) ;  some  large  colonies  (see  above)  were 
collected  in  the  vicinity  of  Cedar  Keys,  Florida,  by  the  Steamer  Bache, 
in  February  1887,  probably  also  in  water  several  fathoms  deep. 

Subgenus  Poltstncraton  (Nott),  1891 

Differs  from  the  typical  subgenus  of  Didemnum  in  having  the  testis  divided  into 
Mpveral  entirely  separate  glands,  disposed  in  a  rirrular  group,  al)out  which  the  sperm 
duct  coils.  The  typical  species  (including  the  West  Indian  form)  have  an  atrial 
languet. 

Didemnum  (Polysyncraton)  amethsnteum  (Van  Name),  1902 

Figures  27-29 

1902.     Polysyncraton  ameihysteum  Van  Name.  Trans.  Conn.  Acad.  Sci.,  XI,  p.  366, 

PI.  uv,  figs.  62, 64-67;  PI.  lviii,  fig.  102. 
1909-11.     Polysyncraton  amethyMeum  Hartmeycr.  Broiui's  *Tier-reich,'  III,  suppl., 

pp.  1452. 
1912.     Polysyncraton  ameihysteum  Ilartmcvcr.  'Deutsch.  Tiefsi^e-Exp.,  *  XVI,  p.  325. 
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The  colonies  in  this  species  are  of  the  flat,  incrusting  type;  the  upper 
surface  is  nearly  smooth  atid  even,  the  thickness  of  the  colony  is  about  3 
mm.,  and  the  greatest  diameter  rarely  over  25  or  30  nun.  In  spite  of  their 
small  size,  they  are  during  life  of  strikinK  appearance.  The  test  is  trans- 
parent and  of  a  handsome  purple  or  rose-purple  tint  which  fades  to 
yellow  on  preservation.  The  color  is  due  to  pigment  in  the  test  tells. 
The  zooids  during  life  are  bright  red.  The  upper  surface-layer  of  the 
colony  contains  a  layer  of  small  white  burr-like  or  almoet  spherical 
spicules,  but  small  oval  areas  about  the  branchial  apertures  of  the 


KiRB.  27-20.     Diiktnniim  (PotyiyacraloH)  amelky»(euin  (Van  Name),  1902 
Fit.  27.    Left  aide  of  woid,  X  40.    Fif.  28.    SpiirulH  {all  frtnn  Hine  colony).  X  «60.    Fit-  2S. 

zooida  and  a  large  central  area  on  the  upper  surface  of  the  colonj-  sur- 
rounding the  common  cloacal  aperture  (there  appears  to  be  usually  but 
one)  are  without  spicules,  except  that  in  the  small  areas  about  the 
branchial  orifices  there  are  six  small  V-shaped  groups  of  them  correspon- 
ding to  the  intervals  between  the  six  lobes  of  the  branchial  tubes.  The 
deep  purple  of  the  exposedareasof  the  teat,  with  the  contained  brightly 
colored  zooids,  often  shows  in  a  strong  contrast  to  the  pure  white  of  the 
-Hpicule-covered  portion.  The  layer  of  teat  containing  the  spicules  may 
readily  be  stripped  off.  Spicules  always  small,  .015  or  .02  mm.  in 
diameter  or  even  less,  with  short  and  often  more  or  less  blunted  rays,  so 
numerous  that  the  spicide  appear.-*  nearly  spherical  except  under  high 
maKnification. 
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Zooids  about  1.5  mm.  long  when  well  expanded.  Body  strongly 
constricted  between  thorax  and  abdomen;  a  tapering  muscular  process 
extends  ventrally  and  posterioriy  out  into  the  test  from  the  constricted 
part  of  the  body.  Branchial  aperture  six-lobed,  atrial  plain,  with  a 
languet  at  its  anterior  border.  This  languet  is,  in  well-expanded  zooids, 
fairly  long  and  wider  toward  the  end,  where  it  is  slightly  forked.  In 
strongly  contracted  individuals  it  is  merely  a  small  tongue-like  projection. 

Well-developed  longitudinal  muscle  bands  present  on  the  thorax. 

Tentacles  at  least  eight  in  number,  additional  smaller  ones  are 
probably  present. 

The  dorsal  languets  apparently  arise  from  the  transverse  vessels 
of  the  left  side,  but  the  sac  was  too  much  contracted  in  the  specimens 
studied  to  determine  this  satisfactorily. 

Stigmata  in  four  rows ;  apparently  about  a  dozen  in  a  row  on  each  side. 

Male  reproductive  organs  consisting  of  a  group  of  about  five  or  six 
radially  disposed,  pear-shaped  testes,  whose  narrow  ends  are  connected 
with  the  origin  of  the  conunon  sperm  duct  by  very  short  individual  ducts. 
The  common  sperm  duct  makes  about  five  loose  spiral  turns  about  the 
whole  group  before  accompanying  the  distal  branch  of  the  intestine. 
Ovary  between  the  testis  and  stomach.   Eggs  very  large  when  fully  grown. 

This  species  is  moderately  common  at  Bermuda  on  stones  along  the 
shore  and  in  other  shallow  situations.  I  have  also  found  it  growing  on 
calcareous  algse  on  the  banks  near  Soldier's  Key,  Biscayne  Bay,  Florida. 

The  type  (from  Bermuda)  is  in  the  Yale  University  collection. 

LiPTOCLiNUM  Milne-Edwards,  1841 

[^Diplosoma  MacDonald,  1859.    Proposed  nomen  conservandum, 

Diplosoma] 

In  this  genu8  there  are  four  rows  of  stigmnta,  the  testis  is  divided  into  two 
fle^iarate  glands,  and  the  sperm  duct  is  not  spirally  coiled.  No  atrial  languet  or  atrial 
tube  is  developed  and  the  test  is  without  spicules.  Usually  the  common  doacal 
cavities  arc  greatly  developed. 

Loptoclinum  nuicdonaldi  (Herdman),  1886 

[Dtplosoma  macdonaldi  under  proposed  system  of  nomina 

convervanda] 
Figure  30 

1886.     Dipio9omA  mMcdonaldi  Honlman,  'Kept.  Voy.  Challenger,  Zool.,  XIV.'  j).  315, 

Pl.xui,  figs.  1-4. 
1891.     Diplosanm  macdonMi  Herdman,  Journ.  Linn.  S<k*.  I^ondon,  Zool.,  XXIII, 

p.  633. 
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1898.    Diplomma  macdonaldi  Gottecholdt,  Abb.  Senckeab.  Gesell.,  XXIV,  p.  657. 
1902.     Dipbaoma  macdimatdi+D.  laeUum+D.  alropuneialitm  Veto  Name,  TVaaa. 

Conn.  Acad.  Sci.,  XI,  pp.  368-370,  PI.  un,  figs.  56,  59,  60;   PL  Lvm, 

fiK.103;  Pl.LX,6g.l24;  PI.  ucii,  fig.  137. 
1909-11,     LeploeHttum     macdon^di-\-L.    beleum+L.    atropunelalum    Hartmeyvi 

Bronn's  'Tier-reicb,'  III,  suppl.,  pp.  1454,  1455, 1933,  1634, 1645. 
1918.    Leplodinum  TnaedanaUi  Van  Name,  BuU.  U.  S.  Nat.  Mus.,  No.  100,  I,  % 

159,  6g.  109. 
1920.    Diplotoma  m»cdonaldi+IJ.  ladeum+D.  alroptmeUtum  Michaeloen,  Jahtb. 

Wis8.  Anst.,  Hamburg,  XXXVII,  BUppl.,  p.  71. 

Colony  thin  and  incnisting,  rarely  much 
over  2  mm.  thick,  but  sometimes  50  mm.  or  more 
across.  (One  specimen  surrounds  a  blade  of  turtle 
grass  for  a  length  of  138  mm.)  Test  transparent 
and  colorless  in  life,  sometimes  suffused  with 
milky  white  which  commonly  disappears  on  pres- 
ervation. The  zooids  are  clearly  visible  through 
the  test  and  often  quite  conspicuous  as  small, 
irregularly  distributed,  blackish  objects,  since 
they  usually  have  more  or  less  black  pigment  in 
the  mantle  cells  about  the  branchial  tube  and  on 
the  surface  of  the  abdomen.  Their  tissues  are 
otherwise  light  colored,  except  that  the  stomach 
and  part  of  the  intestinal  loop  are  yellowororan^ 
Fig.  30.  Lepiodi-  ^yrjng  ijfg  fading  out  in  preservation. 
num  maobmaldi  (Herd-  ,         ,  .  . 

man)  1886  Common    cloacal    cavities    very    extfiiKive, 

Leftiideofiooid.xM.  though  developed  to  a  varying  degree  indiffer- 
ent colonies;  in  extreme  cases  the  entire  interior 
of  the  colony  may  be  hollow,  except  for  columns  or  trabecule  of  test 
substance  in  which  the  zooids  are  imbedded.  Large  and  conspicuous, 
pale  yellowish,  oval  cells  are  often  present  in  the  t«st  substance;  thej- 
are  perhaps  symbiotic  vegetable  cells. 

Zooids  very  small;  their  apparent  length  is  further  diminished  by 
the  fact  that  the  axis  of  the  abdomen  is  usually  bent  at  right  angles  to 
that  of  the  thorax,  so  that  they  often  average  only  .8  or  .9  mm,  long  in 
the  preserved  colonies,  but  when  moderately  expanded  and  straightened 
out  they  may  measure  1.5or  l.Omm.in  totallength.  As  seen  from  the 
surface  of  the  colony,  the  branchial  apertures  appear  round  or  oval, 
without  lobes,  but  the  usual  six  lobes  are  slightly  developed  on  the 
branchial  tube  and  are  often  visible  within  the  circular  exterior  orifice. 
No  atrial  tube  or  atrial  languet ;  the  atrial  opening  is  large  and  plain- 
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edged ;  no  muscular  process  from  the  constricted  middle  part  of  the  body, 
but  one  or  two  vascular  processes  may  extend  from  this  part  of  the  body. 
Mantle  musculature  insignificant. 

Tentacles  twelve,  of  three  sizes,  regularly  arranged. 

Dorsal  languets  apparently  long  and  narrow;  very  difficult  to 
demonstrate. 

Four  rows  of  stigmata  with  about  ten  in  a  row  on  each  side. 

Stomach  rounded,  smooth-walled,  intestine  of  rather  large  diameter. 
I  have  not  succeeded  in  demonstrating  in  this  genus  the  glandular 
tubules  clasping  the  intestine,  which  are  so  conspicuous  in  Didemnum 
and  Trididemnum. 

Testis  consisting  of  two  large  oval  glands  lying  beside  the  intestinal 
loop  (the  lateral  bending  of  this  loop  brings  them,  however,  to  the  ex- 
treme posterior  end  of  the  body) .  They  are  connected  with  the  proximal 
end  of  the  conunon  sperm  duct  by  short  individual  ducts.  The  common 
sperm  duct  does  not  coil  about  the  testis.  Female  reproductive  organs 
represented  by  one  or  more  eggs  beside  the  intestinal  loop. 

The  additional  material  now  available  comprises  specimens  inter- 
mediate in  character  between  this  species,  L.  ladeum  and  L.  sUropunda- 
turn,  and  in  the  present  paper  all  three  are  united  under  Herdman's 
name  macdonaldi. 

This  is  a  common  and  widely  distributed  animal,  ranging  from 
Bermuda  and  South  Carolina  (Blackfish  Banks  off  Charleston,  specimen 
in  National  Museum)  to  Bahia,  Brazil,  the  locality  of  Herdman's  type. 
I  have  collected  it  at  Bermuda  in  shallow  water  and  the  American  Mu- 
seum expedition  obtained  it  in  Guanica  Harbor  and  at  several  points  off 
the  southern  coast  of  Porto  Rico  in  depths  from  6  to  8  fathoms.  In 
the  National  Museum  collection  it  is  also  represented  by  many  speci- 
mens dredged  off  the  west  coast  of  Florida  from  Cedar  Keys  to  the 
vicinity  of  Key  West,  in  depths  down  to  27  fathoms,  and  by  specimens 
from  Charlotte  Harbor,  Florida;  Jamaica,  W.  I.;  and  St.  Thomas, 
W.  I.,  (shore).  Hartmeyer  (1909-1911,  p.  1629)  reports  a  Le-ptodinum, 
very  probably  this  species,  from  Tortugas,  Florida,  and  West  Indian 
localities.  It  appears,  moreover,  to  be  much  more  widely  distributed, 
since  what  seems  to  be  the  same  species  occurs  in  the  Malay  Region 
(Ternate  and  the  Philippines);  see  Gottschaldt,  1898,  and  Van  Name, 
1918. 

It  appears  to  grow  more  commonly  on  corals,  gorgonians,  sponges, 
and  other  ascidians  in  water  at  least  a  few  feet  deep  than  near  low-water 
mark,  perhaps  because  its  delicate  structure  is  not  adapted  to  with- 
standing either  exposure  to  the  air  or  to  strong  waves. 
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LnsocuNUH  Verrill,  1871 
|  =  i>i'p?osomoi'des  Herdman,  1886) 
SitnJtar  to  LeiAofUnum  in  general  charartera,  but  with  stelbte  raleaTeoua  opiculca 
ill  the  test.    Four  towh  of  Htigmata.  tMtis  partially  or  completely  divided  into  two 
or  more  glands  or  loheai  speim  duct  not  coiled,  atrial  orifice  with  a  Isnguet. 

Liuocllnum  frvlls  (Van  Name),  1902 
FiKuree  31  and  32 
1902.     DipUtaomoidee  fragilt  Van  Name,  Trans.  Conn.  Aead.  Sci.,  XI,  p.  370,  PI. 

Lni,  figs.  57,  58;  PI.  lxi,  fig,  126. 
1900.     Diphtomoida  moOe  (part)  Sluilcr,  'Sibcqp^Exped,,'  LVtb,  p.  SS. 
1909-1911.    Diplommoides  fragiie  Hartmever,   Bronn'a  'Tier-reich,'    III,    mippl., 

pp.  1546,  1633, 
1912.     [Hfioiomoideii  fragilt  Van  Name,  Pror.  Boaton  Soc.    Nat.    Hist..  XXXIV, 


Figs.  31  and  32.     LUsndinum  fragile  (Van  Name),  1902 
Fie,  31.    Leftaridfoliiwid.  br>nchUl»c<nllsip>ii[lol.X3e.   Fii,  32.   Spicule*  («U  from  nine 
colony).  X  460. 

This  aniiiml  forms  verj-  thin,  flat,  incrusting  colonies,  often  of  con- 
siderable extent  {60  mm.  to  80  mm.  across),  but  only  2  to  3  mm.  thick. 
Living  specimens  collected  at  Bermuda  were  easily  recognizable  by  two 
characters;  first,  their  snowy  whiteness  without  the  least  tinge  of  yel- 
lowi-fh  (though  preserved  snecimens  Iwcome  somewhat  yellowish)  and, 
second,  by  their  verj'  fragile  character.  The  test  breaks  or  t«ars  at  the 
slightest  touch,  and  the  colony  cannot  readily  be  removed  entire  from 
the  surface  on  which  it  grows.  The  whit*  color  is  due  to  the  spicules  that 
densely  crowd  the  test  ami  conceal  the  zooids,  which  are  yellow  or 
orange  during  life.  The  spicules  ai-e  minute  (usually  not  more  than  .02 
tit  .023  mm.  in  diameter)  and  stellate  or  burr-like  in  form,  built  up  of 
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very  numerous  rays  which  may  end  in  sharp  points,  but  are  more  often 
truncated  or  broken  at  the  tips  (see  Fig.  32).  The  rays  or  points  are  so 
short  and  numerous  that  under  low  magnification  the  spicules  appear 
nearly  sphericcl.  The  fragile  character  of  the  colony  is  in  part  due  to  the 
brittleness  of  the  test,  caused  by  the  great  abundance  of  spicules,  but  still 
more  to  the  very  extensive  development  of  the  common  cloacal  cavities 
which  conmionly  reduce  the  test  substance  to  two  thin  layers  forming  the 
upper  and  lower  surface  of  the  colony  respectively,  and  to  small  masses 
or  trabecul®  connecting  these  two  layers.  In  these  trabeculae  the  bodies 
of  the  zooids  are  contained.  The  colony  thus  consists  of  extensive 
systems,  whose  cloacal  cavities  are  more  or  less  confluent.  The  apertures 
of  the  zooids  are  usually  quite  conspicuous  on  the  surface  of  the  colony, 
which  is  fairly  smooth  though  not  glossy  during  Ufe,  but  becomes  much 
wrinkled  through  the  collapse  of  the  common  cloacal  cavities  in  pre- 
served specimens. 

Zooids  about  1.5  long  when  fairly  well  expanded.  They  have  the 
branchial  aperture  six-lobed;  the  atrial  is  provided  with  a  languet.  No 
muscular  process  extending  out  into  the  test  is  developed. 

Mantle  musculatiu'e  and  muscles  of  the  t^ranchial  sac  very  weak. 

Tentacles  slender,  of  at  least  two  sizes. 

Dorsal  languets  difficult  to  demonstrate. 

Branchial  sac  large,  with  four  rows  of  large  stigmata;  probably 
about  ten  or  eleven  in  a  row  on  each  side. 

Intestinal  loop  small;  stomach  very  thin-walled,  so  that  it  becomes 
folded  in  preservation,  but  it  is  probably  round  and  smooth-walled 
during  life. 

Male  reproductive  organs  consisting  of  two  large  oval  testes  beside 
the  extreme  posterior  part  of  the  intestinal  loop.  Their  short  individual 
ducts  unite  to  form  a  stout  common  duct  which  accompanies  the  ascend- 
ing or  distal  branch  of  the  intestinal  loop  without  making  any  spiral 
turns  about  the  testes.  The  ovary,  a  small  group  of  eggs,  lies  beside  the 
conmion  sperm  duct  a  little  from  its  origin. 

This  species  was  found  common  at  Bermuda  at  a  number  of  stations 
along  the  shore,  growing  on  the  under  side  of  stones  near  low  water. 
The  only  other  locality  is  St.  Thomas,  W.  I.,  where  some  good- sized  colo- 
nies were  collected  by  Mr.  C.  R.  Shoemaker  in  1915  (National  Museum 
collection)  growing  on  ascidians  (Phallusia  hygomiana),  on  piles,  and  else- 
where in  shallow  water  (i  to  2?  fathoms).  Sluiter  (1909)  has  expressed 
the  belief  that  this  species  is  not  distinct  from  the  Malayan  species, 
Diplo9onwides  moUe  Herdman,  1886,  originally  described  from  the  Aru 
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Islands,  but  his  conjecture  does  not  seem  to  be  based  on  any  actual 
comparison  of  material.  That  species  is  reported  to  form  habitually 
dome-shaped  colonies  with  a  large  common  cloacal  aperture  at  the  sum- 
mit and,  considering  the  widely  separated  localities  of  the  two  species, 
the  question  should  be  left  open  for  the  present. 

The  atrial  languet  does  not  appear  to  be  present  in  immature  zooids 
and,  even  in  fully  adult  ones,  it  is  very  easily  torn  oflF  in  dissecting  out  the 
zooid  for  examination.  The  original  description  and  figure  gave  it  as 
wanting.  The  demonstration  of  its  presence  appears  to  remove  the 
reason  for  considering  Diplosomaides  Herdman,  1886,  as  a  genus  distinct 
from  Ldssodinum  Verrill,  1871. 

EcBorocuHUM  Van  Name,  1902 

This  genus  is  closely  related  to  Idssoclinum  and  Leptodinum  and 
perhaps  better  regarded  as  a  subgenus  of  the  former,  though  at  once  dis- 
tinguishable from  it  by  the  peculiar  form  and  arrangement  of  the  spicules 
described  below,  and  it  is  hardly  necessary  to  add  that  I  most  decidedly 
oppose  Michaelsen's  (1915,  p.  481)  proposal  to  remove  it  to  the 
Clavelinidse  or  to  regard  it  as  in  any  way  intermediate  between  that 
family  and  the  present  one,  although  the  material  available  has  un- 
fortunately not  proved  favorable  for  a  study  of  its  budding. 

The  following  is  the  only  known  species. 

Echinoclinum  yerrilli  Van  Name,  1902 

Figures  33-35 

1902.    Echinoclinum  verrilli  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  372,  PL  l, 
figs.  23-25. 

1907.  Echinoclinum  verrilli  Seeliger,  Bronn's  ^Tier-reich,'  III,  suppl.,  p.  1236. 

1908.  Echinoclinum  verrilli  Hartmeyer,  Zool.  Annal.,  Ill,  p.  44. 

1909-11.     Echinoclinum  verrilli  Hartmeyer,  Bronn's  *Tier-reich,'  III,  suppU,  pp. 

1452,  1630,  1633. 
1915.    Echinoclinum  verrilli  Michaelsen,  *  Beitr.  Meeresfauna  Westafrikas, '  I,  p.  481. 

Colony  of  the  flat  incrusting  type  but  usually  rather  thick,  with  the 
upper  surface  generally  smooth  but  uneven.  It  attains  a  considerable 
size,  one  specimen  from  near  Key  West,  Florida,  measuring  125  mm.  by 
95  mm.  across  and  averaging  at  least  5  or  6  mm.  in  thickness  (at  some 
points  considerably  more).  Zooids  arranged  in  systems  often  of  con- 
siderable extent  and  complexity.  In  large  specimens  the  zooids  can  often 
be  seen  to  be  in  double  rows,  between  which  run  the  common  cloacal 
canals;  these  branch  and  anastomose  in  a  net-like  manner,  leaving  in  the 
meshes  islands  of  completely  inclosed  areas  of  test,  bordered  by  the  rows 
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of  zooidfi,  but  free  from  zooids  in  their  central  portions.  In  the  preserved 
material  these  inclosed  areas  of  solid  test  shrink  less  than  the  parts  of  the 
surface  where  the  zooids  and  cloacal  canals  are  situated,  and  often  stand 
out  as  low,  rounded  elevations,  separated  by  distinct  furrows  represent- 
ing the  ramifications  of  the  systems.  This  may,  however,  be  largely  an 
artificial  condition;  at  least  it  must  be  much  less  conspicuous  in  living, 
expanded  material.  Test  colorless  or  somewhat  yellowish  and  trans- 
parent in  preserved  specimens.  No  notes  on  its  colors  during  life.  Com- 
mon cloacal  cavities  not  extensive.    Test  tough  externally,  soft«r  and 


Figi.  33-35,     Edtinodinum  iwriUi  Van  Name,  1 
Fic>33.    Coloajr  (tyiw}  crowinc opOD * bm»liini atawMd.  X  3.  Pi(.34.  Laftudcoliowil,  X  SS- 
Fla,  3S.    BuleulM,  X  230. 

more  gelatinous  within,  except  immediately  about  the  zooids  where  most 
of  the  spicules  are  located.  There  it  forms  a  tough  membranous  investr 
ment  around  each  tooid  from  which  it  is  very  difficult  to  remove  the 
latter,  especially  as  the  test  adheres  very  strongly  to  the  bodies  of  the 
sooids  about  the  atrial  aperture  and  at  a  point  on  each  side  of  the  thorax 
near  its  posterior  end  where  there  is  a  deep  depression  in  the  wall  of  the 
thorax  that  unquestionably  represents  the  "Seifenorgan  "  of  Mtohaelecn 
(sec  p.  313).  The  test,  especially  the  above-mentioned  tough  luyer, 
contains  many  large,  yellowish,  irregularly  oval  cells  with  refractive 
globules  in  the  cytoplasm.  The  spicules  are  peculiar,  having  the  form  of 
tctrahcdroDB  whose  four  apices  arc  produced  into  somewhat  elongated 
points.   These  spicules  are  mostly  so  placed  about  the  bodies  of  the  zooids 
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that  they  form  a  spiny  capsule  about  them,  one  of  their  four  points 
projecting  radially  outward.  Similar  spicules  are  also  scattered  in  other 
parts  of  the  test^  sometimes  in  considerable  abundance,  especially  in  the 
superficial  layer  of  the  colony.  The  larger  spicules  measiuie  up  to  about 
.10  to  .14  mm.  from  point  to  point,  but  there  are  many  smaller  ones. 
Some  of  the  specimens  contain  additional  calcareous  matter  deposited 
in  the  test  in  irregular  granular  or  semicrystalline  form;  in  one  specimen 
the  spicules  have  acted  as  centers  for  the  disposition  of  such  material  to 
an  extent  that  conceals  their  original  form. 

Zooids  small,  often  less  than  1  mm.  long  in  the  strongly  contracted 
preserved  condition.  Branchial  aperture  six-lobed,  atrial  a  large  plain- 
edged  opening  whose  anterior  margin  may  be  a  Uttle  produced,  but 
hardly  enough  to  be  termed  a  languet.  No  muscular  process  extending 
out  into  the  test  was  observed. 

The  tentacles  and  dorsal  languets  were  visible  with  difficulty  in  the 
contracted  specimens;  there  are  at  least  two  sizes  or  orders  of  tentacles  • 

Branchial  sac  with  four  rows  of  stigmata,  probably  nearly  a  dozen  L 
a  row  on  each  side. 

Stomach  rounded  and  smooth-walled  externally,  though  slight! 
ridged  in  a  longitudinal  direction  internally. 

The  ovary,  consisting  of  a  small  cluster  of  eggs,  is  situated  besi( 
the  ascending  part  of  the  intestinal  loop.  The  male  organs  consist  of 
rather  large,  rounded  testis  beside  the  posterior  or  transverse  part  of  th^-^ 
intestinal  loop.  The  testis  is  partially  divided  by  a  deep  groove  extendir^i-i 
across  its  outer  aspect.  The  large,  stout  sperm  duct  arises  from  iM^^^:^ 
posterior  border  of  the  gland  and  Ues  in  this  groove;  it  then  extends  f  ^ 
and  accompanies  the  intestine  to  near  its  end.    It  is  not  spirally  coiled.      — 

This  species  was  originally  described  from  three  small  specimen  ^^ 
collected  at  Bermuda  in  1898  by  Professor  A.  E.  Verrill.    Hartmey""^'^ 
(1909-191 1)  reported  it  from  Tortugas,  Florida.    The  National  Museu-^^ 
collection  contains  a  number  of  colonies,  some  of  them  of  considerab^^<? 
size,  all  dredged  in  the  vicinity  of  the  Florida  Keys  in  three  to  elev^^^ 
fathoms  except  one  (also  from  southern  Plorida)   which  is  attached  to   ^ 
blade  of  turtle  grass  and  hence  evidently  came  from  very  shallow  wate?/"- 
One  of  the  specimens  covers  the  back  of  a  small  maioid  crab,  which  it 
much  exceeds  in  size. 

PolycitoridflB  Hartmeyer,  1915 

[  =  Polycitorida?+Clavelinidse  and.  plur,] 

Com[K>und  ascidians  having  the  lx>dy  consisting  of  two  parts  (thorax  and  ab- 
domen) joined  by  a  constrict<>d  part  or  neck  usually  rather  long.  The  buds  form  on 
vascular  processes  or  stolons  (often  of  considerable  length)  arising  from  the  posterior 
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end  of  the  abdomen  of  the  parent.  Dorsal  lamina  represented  by  separate  languets. 
Reproductive  organs  in  the  abdomen  (or  in  a  diverticulum  of  it)  on  or  near  the  loop 
formed  by  the  intestine. 

PoLTcrroR  Renier,  1804 

Genus  including  forms  with  many  rows  of  stigmata,  and  a  plicated  stomach,  wall 
(constituting  the  subgenus  PolycUor)  and  those  with  but  three  or  four  rows  of  stig- 
mata and  a  globular  stomach,  always  smooth-walled,  which  constitute  the  subgenus 
Eudistoma.    To  this  latter  group  the  species  here  included  in  the  genus  all  belong. 

Subgenus  Sudistoma  Caullery,  1908 
See  above,  under  PolycUor, 

Polyeitor  (Budistoma)  oliTacaus  (Van  Name),  1902 

Figure  36 

1902.     Disloma  olivaceum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  344,  PI.  xlviii, 

fig.  9;  Pl.Lix,fig.  113. 
1909.     Distoma  olivaceufn  Caullery,  Bull.  Sci.  France  et  Belgique,  XLII,  p.  43. 
1909-1911.     PolycUor  {Eudiatoma)  olivaceus  Hartmeyer,  Bronn's  *Tier-reich,'  III, 

suppl.,  p.  1432. 
1915.     Polyeitor  olivaceus  Michaelsen,  'Beitr.  Meeresfauna  Westafrikas,'  I,  p.  66. 

The  usual  form  of  the  colony  in  this  species  is  a  group  of  numerous, 
small,  somewhat  flat-topped  heads  of  circular  outline,  with  fairly  abrupt 
sides  which  contract  toward  the  base  into  a  rather  thick  peduncle.  The 
several  peduncles  expand  and  unite  into  a  basal  mass  by  which  the  colony 
is  attached.  These  heads  are  usually  only  5  to  8  mm.  across  and  8  to  10 
mm.  high,  or  often  much  smaller,  but  many  may  be  united  into  one 
colony.  The  color  in  life  varies  from  olive-green  or  yellowish  olive  to 
olive-brown,  often  more  or  less  blackish  on  the  upper  surface.  The  color 
holds  fairly  well  in  alcoholic  material. 

Upper  portion  of  colony  smooth  and  shiny,  free  from  incrusting  or 
imbedded  sand;  the  basal  parts  and  peduncles  contain  sand  grains  and 
are  often  covered  with  an  outside  layer  or  pellicle  densely  crowded  with 
fine  sand.  This  pellicle,  however,  usually  ends  abruptly  at  the  top  of  the 
peduncle.  Test  gelatinous  and  semitransparent,  in  spite  of  its  dark 
coloration  which  is  in  part  due  to  pi|?ment  contained  in  the  test  cells. 

Zooids  rather  elongate,  often  3.5  to  4  mm.  long  in  the  considerably 
contracted  preserved  condition.  They  are  light-colored,  with  the 
stomach  and  parts  of  the  intestinal  loop  orange  during  life.  The  mantle, 
especially  on  the  anterior  part  of  the  thorax,  is  dotted  with  blackish 
pigment,  sometimes  to  a  very  conspicuous  extent;  in  other  cases  there  is 
very  little  such  pigment.  In  many  colonies  the  regions  over  the  ganglion 
and  anterior  end  of  the  endostyle  are  much  more  deeply  pigmented  than 


344  SuIMin  American  Aftueum  of  Natw^  HiOory  [VoL  XUT 

any  other  part,  so  that  these  areas  show  fnxn  the 
outside  of  the  colony  as  black  dots  on  the  other- 
wise light-colored  zooids.  Both  apertures  on  tubes, 
the  atrial  usually  the  longer.  Branchial  aperture 
with  six  or  seven,  the  atrial  with  six  lobes. 
P  Mantle  musculature  strong  on  the  thorn, 
where  it  consists  of  many  stout  longitudinal  basib 
and  underlying  transverse  fibers.  On  the  abd(HDefi 
the  long  bands  spread  out  and  gradually  become 
weak.  They  disappear  near  the  posterior  eod  of 
the  body. 

Tentacles  of  three  sizes,  apparently  normal^ 
thirty-two  in  number,  the  small  ones  inserted  » 
little  nearer  the  branchial  aperture  than  tbe 
larger  ones. 

Dorsal  languets  long  and  najrow. 

The  more  extensive  and  better  material  new 
available  shows  that  there  are  but  three,  instea^i 
of  four,  rows  of  stigmata  in  the  branchial  sac  »».« 
that  the  or^nal  description  and  figure  are  wrot»* 
in  that  particular.  The  number  of  stigmata  in  * 
row  is  at  least  sixteen  on  each  side;  possibly  sever^^ 
more. 

Intestinal  loop  long  and   narrow;  stoma^*^ 

large,  globular  and    smooth-walled.     Intestin^^* 

gland   consisting   of  a   number    of    thin-waller^*' 

parallel  tubules  which  at  their  posterior  ends  uui^^*^ 

to  form  a  common  duct  in  the  usual  manne=^' 

They  lie  upon  the  external  wall  of  the  ascendic::^^ 

part  of  the  intestine  near  where  it  passes  tt""^^^^ 

stomach  and,  after  running  forward  some  distan^^** 

along  the  intestine,  each  tubule  tapers  off  ac::^^'' 

FiK.  36.  I'olycitor  {Eu-  ends  in  a  narrow  point  without  branching.    The^^^* 

digtonia)  odiareiM  (Van  tubules  may,  when  the  intestine  is  well  extende"-^'"' 

Name),  1902  have  a  nearly  straight  course,  but  usually  they  ar=^  '^ 

Left  Hid*  of  looid.  X  32-  .  i  i     i  i  »  — 

more  or  less  Sinuous  and  probably  remain  so  eve 

during  Iho  nmxiniuni  extension  of  the  intestine  that  normally  occurs. 

Itcprodui'tive  organs  beside  the  intestinal  loop  (more  or  leas  on  tl 

left  side  of  the  lx)dy  according  to  the  amount  the  intestine  is  twistec 

Testes  smuil,  iival  or  i)ear-shaped,  usually  eight  to  twelve  in  number 
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the  specimens  studied.  They  communicate  with  the  origin  of  the  large, 
thick-waUed  common  sperm  duct  which  accompanies  the  distal  branch 
of  the  intestine  by  small  deUcate  individual  ducts.  Ovary  situated  beside 
the  testes. 

This  species  is  common  and  widely  distributed  in  shallow  water, 

growing  especially  on  mangrove  roots  and  on  corals,  etc.,  at  or  near  low- 

-water  mark.    Bermuda  is  the  type  locaUty  (type  in  Yale  University 

collection) ;  it  is  represented  in  the  collection  of  the  American  Museum 

T>y  specimens  from  Andros  Island,  Bahamas;   Porto  Rico  (mangrove 

zroots  in  Guanica  Harbor) ;  Florida  (Biscayne  Bay  on  banks  near  Soldier's 

IKey,  and  from  the  west  shore  of  Plantation  Key);   and  Cuba  (Cayo 

<3hri8to  near  Isabella  on  the  north  coast,  3  to  4  feet).    In  the  National 

3Iii8eum  collection  there  are  specimens  from  several  points  on  or  near 

"t;he  west  coast  of  Florida  (depth  given  in  one  case  only,  Marco,  Florida, 

H  to  2  fathoms)  and  from  St.  Thomas,  W.  I.  (shore). 

There  are  also  in  this  collection  several  colonies  from  Cedar  Keys, 
IFlorida,  and  from  Station  .8^69,  Steamer  Fish  Hawk  (Wingate  Bay, 
South  Carolina,  5  fathoms)  that  appear  to  belong  to  this  species,  but 
Iiave  the  entire  heads,  which  are  narrow  but  of  the  usual  height,  very 
densely  incrusted  with  sand.  Sand  also  occurs  to  a  greater  or  less  extent 
in  the  interior  of  the  test. 

Poljeitor   (ludistoma)   oliyacaus  form  obscuratus  (Van  Name),  1902 

1902.     Distoma  obscuratum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  343.    PI. 

XLvin,  fig.  11;  PI.  lviii,  figs.  105,  106. 
1900.     Distama  obscuratum  Caullery,  Bull.  Sci.  France  et  Belgiquc,  XLII,  p.  43. 
190^1911.     Polyciior    (Eudistoma)    obscuratus    Hartmeyer,    Bronn's    *Tier-reich,' 

III,  suppl.,  pp.  1432,  1633. 

The  status  of  this  species  must  be  regarded  as  so  doubtful,  and  its 
relationship  to  P.  divaceus  so  close,  that  it  seems  best  to  treat  it  as  a  form 
of  the  latter;  possibly  the  colonies  are  merely  abnormally  shaped  and 
colored  examples  of  that  species,  yet  they  are  certainly  of  very  different 
appearance.  It  was  described  on  the  basis  of  two  specimens  in  the  Yale 
University  Museum  collected  on  corals  in  rather  shallow  water  in  Castle 
Harbor,  Bermuda.  They  are  of  flattened,  incrusting  form,  20  to  30  mm. 
across  and  3  to  4  mm.  in  thickness,  with  rounded  edges.  Test  firm,  with  a 
smooth  glossy  surface  free  from  adherent  matter;  common  cloacal 
apertures  appear  to  be  present.  Color  uniform  black  (with  a  greenish 
tinge  while  alive)  due  to  numerous  pigment  cells  in  the  test  and  on  the 
mantle  of  the  sooids,  where  they  are  so  abundant  that  the  entire  thorax  is 
black. 
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In  size  and  characters  the  zooids  resemble  those  of  the  typical  P. 
olivaceus.  The  tubules  of  the  gland  surrounding  the  intestine  are  exce^^sd- 
ingly  crooked,  and  somewhat  swollen  in  their  proximal  portion,  bu^t  a 
careful  examination  discloses  that  their  distal  parts  ascend  upon  * — hp 
wall  of  the  intestine  and  taper  off  as  usual  in  P,  clivsLceus,  and  ttr^aat 
the  original  figure  does  not  show  this  character  correctly. 

The  National  Museum  collection  contains  two  small  flattened  bla^ack 
colonies  that  also  appear  to  be  of  this  form ;  their  test  contains  some  s^^nd 
grains.  These  specimens  are  from  Drift  Bay,  Water  Island  (in  the  fon^nner 
Danish  West  Indies),  and  Tortugas,  Florida,  respectively. 

Polycitor  (Eudistoma)  conyezus  (Van  Name),  1902 

1902.     Distoma  com^xuin  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  342,  PI.  x^^^Lix, 

fig.  16;  PI.  Lviii,  fig.  104;  PI  lix,  fig.  118. 
1909.     Distonia  convexum  CauUery,  Bull.  Sci.  France  et  Belgique,  XLII,  p.  43. 
1909-1911.     Polycitor  {Eudistoina)  com^exus  Hartmeyer,  Bronn's  'Tier-reich,'  I^     1^^ 

8uppl.,  pp.  1431,  1633. 
1911.     Polycitor   (Eudistorna)   mayeri   Hartmeyer,'  Pub.    No.    132,   Carnegie    CT    Ins. 

Washington,  p.  91,  PI.  i. 
1915.     Polycitor  jonvexus  Michaelsen,  *Beitr.  Meeresfauna  Westafrikaa,*  I,  p.  46^^*^. 

Closely  related  to  P.  oliva^ceuSj  above  described,  but  having  a  ditf    -^er* 
ent  habit  of  growth.     The  colony  is  larger  and  much  more  mass^SFve> 
usually  forming  an  irregularly  rounded  or  elliptical  mass;  in  other  ccn^^ey 
it  is  broad  and  thick,  and  attached  by  most  of  the  lower  surface.    SoK"3?e* 
times  it  may  be  capitate  or  consist  of  several  heads  united  at  their  ba.^"^, 
but  these  are  few  and  large;  the  colony  does  not  break  up  into  a  molfA 
tude  of  small  heads,  as  P.  olivaceus  commonly  does. 

It  is  also  differently  colored,  being  pale  yellowish  or  brownish,  often 
with  a  reddish  or  violet  tint  during  life  or  even  in  preservation,  instead  of 
the  greenish,  olive,  or  blackish  color  of  that  species.  The  test  in  well-pre- 
served material  is  translucent,  so  that  the  zooids  may  be  more  or  less 
distinctly  seen,  and  of  fairly  firm,  often  slightly  cartilaginous,  consistency. 
The  basal  parts  of  the  test  may  contain,  or  be  incrusted,  with  sand  and 
shell  fragments.    Sand  may  be  present  to  some  extent  in  the  interior  of 
it,  but  in  most  specimens  not  in  any  great  quantity,  and  the  upper  surface 
is  smooth  and  glossy.    In  parts  of  some  colonies  an  arrangement  of  the 
zooids  in  small  circular  or  oval  systems  grouped  about  a  small  common 
cloacal  cavity,  with  a  rather  large,  rounded  aperture,  can  be  clearly 
demonstrated.     In  other  specimens,  or  in  other  parts  of  the  colonies, 
there  is  no  apparent  regularity  in  the  distribution  of  the  zooids.    Most 
of  the  colonies  are  of  rather  small  size,  not  over  20  to  30  mm.  in  diameter 
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and,  if  of  the  sessile  type,  not  over  15  to  20  mm.  high;  if  of  the  capitate 
type,  proportionately  higher.  But  very  much  larger  colonies  occur;  the 
largest  ones  are  generaHy  of  irregular  outline  and  often  divided  by  clefts 
into  several  lobes  or  heads.  The  National  Museiun  contains  large  ones 
from  the  southern  and  western  Florida  coasts  (55  mm.  by  42  mm.  across 
and  28  mm.  high,  also  a  crest-like  colony  65  mm.  high  and  108  mm.  by 
40  mm.  in  its  other  maximum  diameters,  and  another  irregularly  lobed 
one  115  mm.  in  greatest  diameter  and  60  mm.  high),  while  one  from 
Andros  Island,  Bahamas,  in  the  American  Museum  collection  siuroimds 
a  mangrove  root  for  a  length  of  75  mm.  The  free  edges  and  lobes  of  such 
colonies  are  thick,  and  rounded.  The  largest  colony  of  all  that  I  have 
seen  is  a  dome-shaped  mass  about  170  mm.  by  110  mm.  in  diameter  and 
75  mm.  in  greatest  height. 

The  zooids  resemble  those  of  P.  olivaceus,  except  that  they  are  a  little 
larger  and  stouter,  ordinarily  4  to  6  mm.  long  in  the  somewhat  con- 
tracted condition  in  which  they  are  found  in  preserved  material,  but 
doubtless  nearly  twice  as  long  when  fully  expanded.  The  mantle  is  very 
muscular,  with  strong  longitudinal  bands  and  underljdng  transverse 
fibers.  The  longitudinal  muscles  extend  down  on  the  abdomen,  but 
posterior  to  the  thorax  they  spread  out  and  unite  into  a  thin,  broad  sheet 
on  each  side  of  the  body. 

Tentacles  apparently  normally  thirty-two  in  number,  of  three  orders 
(8+8+16)  regularly  arranged. 

There  are  three  rows  of  stigmata,  not  four  as  originally  stated  and 
figured.  In  one  specimen  eighteen  or  nineteen  were  present  in  the 
anterior  rows  on  each  side,  and  sixteen  or  seventeen  in  the  last  row. 
These  numbers  may  perhaps  be  a  little  exceeded  in  other  cases. 

The  stomach  is  rounded  and  smooth-walled;  the  gland  surrounding 
the  intestine  consists  of  a  number  of  more  or  less  parallel  tubules  which 
vary  from  quite  straight  to  very  sinuous  in  different  individuals,  and 
may  in  some  places,  especially  near  the  lower  end,  become  more  or  less 
distended  with  their  secretion.  The  main  direction  of  their  course  is, 
however,  parallel  with  that  of  the  intestine,  along  which  they  ascend  for 
some  distance,  becoming  smaller  and  tapering  off  to  an  exceedingly  small 
diameter  at  their  upper  ends. 

Large  and  well-developed  zooids  may  have  as  many  as  thirty  or  forty 
testes.  In  most  characters,  however,  the  zooids  closely  resemble  those 
of  the  last-described  species  and,  as  in  that  form,  they  are  often,  if  not 
normally,  more  or  less  spotted  with  dark  pigment  (usually  brown  in  the 
preserved  specimens),  especially  on  the  anterior  part  of  the  body. 
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The  type  specimen  of  this  species,  a  rounded  colony  24  nun.  in 
diameter,  attached  by  much  of  its  lower  surface,  was  collected  at 
Bermuda,  where  it  does  not  seem  to  be  very  conmion.    Other  localities 
are  Andros  Island,  Bahamas  (see  above) ;  Cayo  Christo  near  Isabella, 
north  shore  of  Cuba,  3  to  4  feet;  and  near  Georgetown  light,  Winyah 
Bay,  South  Carolina  (large  colony  thrown  up  on  beach).    It  is,  however,  ' 
along  and  off  the  west  and  southwest  coasts  of  Florida  that  this  species 
seems  to  occur  in  greatest  abundance  and  to  grow  to  the  largest  size. 
There  it  was  obtained  at  a  number  of  localities,  mostly  in  depths  of  under 
10  fathoms.    Though  sometimes  found  near  low-water  mark,  it  seems  to 
inhabit  more  frequently  water  a  few  feet  or  several  fathoms  deep 
(deepest  station:    Station   2362,  Steamer  Albatross,  22''  08'  30"  N., 
86*^  53'  30"  W.,  25  fathoms).    This  species  generally  grows  attached  to 
corals,  shells,  gorgonians,  etc.;  one  colony  appears  to  have  grown  on  the 
back  of  a  crab. 

There  can  be  little  question  that  Hartmeyer's  (1911)  P,  mayeri 
from  Tortugas,  Florida,  is  this  species.  His  failure  to  identify  it  as  such 
was  doubtless  due  to  the  error  in  the  number  of  rows  of  stigmata  (given  as 
four  instead  of  three)  in  the  original  description  and  figure. 

Polycitor  (Eudistoma)  hepatic  us,  new  species 

Very  closely  allied  to  P.  convexus,  just  described,  and  possibly  repre- 
senting merely  a  variation  of  that  species,  is  a  large  and  massive  form 
which  is  found  in  the  same  region.    Characteristic  specimens  of  it  present 
a  very  different  appearance  from  P.  convexuSj  as  described  in  the  fore- 
going pages;  the  colonies  usually  form  large  ovoid  or  ellipsoidal  masses, 
commonly  more  or  less  flattened  in  one  direction  and  generally  attached 
by  a  rather  small  area  on  or  near  one  of  the  narrower  sides  or  by  one  end; 
the  surface  of  the  test  is  more  or  less  uneven,  and  large  colonies  are  often 
partly  divided  by  narrow  clefts  into  two  or  more  large  lobes,  which  may 
have  one  or  more  of  their  sides  flattened  and  the  borders  sharp  and 
angular  as  a  result  of  pressure  against  each  other.    In  such  cases  the  form 
of  the  colony,  the  dark  color,  and  the  consistency  of  the  rather  soft  test 
give  it  an  appearance  suggesting  the  liver  of  a  vertebrate  animal,  except 
that  the  color  (in  preservation)  instead  of  red  is  a  pure,  intense  purple, 
caused  by  grains  of  purple  pigment  in  the  test  cells.    There  are  no  notes 
of  the  color  in  life.    In  some  specimens  the  purple  pigment  is  much  less 
in  amount,  the  colonies  having  sometimes  only  a  pale  purple  or  violet 
shade — in  extreme  cases  only  a  purplish  buff  color;  this  may,  of  course, 
be  in  part  due  to  fading.    Such  lightly  pigmented  colonies  approach  P. 
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nvexus  in  color  and  appearance;  the  test,  however,  in  the  present  form 
spears  to  be  rather  softer  and  less  cartilaginous,  and  the  surface  more 
"inkled  and  less  glossy;  the  test,  when  pulled  apart,  tears  rather  than 
eaks. 

As  above  stated,  the  colonies  become  large  and  massive;  the  type 
lony  is  a  fair  example  of  one  of  the  larger  specimens.  It  is  of  flattened, 
►long  form,  about  80  mm.  by  45  mm.  by  25  mm.  in  its  diameters,  and 
is  apparently  attached  by  a  rather  small  area  near,  but  not  on,  one 
ge.  The  test  is  of  a  uniform  deep  purple  color,  due  to  the  abundant 
irple  pigment  cells;  the  tissues  of  the  zooids  are  not  pigmented.  Con- 
jt^ncy  of  test  rather  soft,  the  solid  interior  parts  a  little  finner;  surface 
ghtly  wrinkled  and  exhibiting  small,  rounded,  depressed  areas  indicat- 
g  the  small  circular  or  elliptical  systems  in  which  the  zooids  are 
ranged.  The  center  of  each  of  these  systems,  which  appear  usually  to 
)mprise  eight  to  ten  or  more  zooids,  is  occupied  by  a  small  common 
oacal  cavity  with  a  rounded  or  somewhat  lobed  aperture. 

Zooids  apparently  exactly  like  those  of  P.  convexus,  except  that  they 
'erage  a  little  smaller  and  less  stout.  The  testes  numbered  fifteen  to 
'enty  in  the  individuals  studied,  some  containing  young  larva  in  the 
rial  cavity. 

The  type  colony,  above  described,  is  one  of  several  similar  ones  col- 
t^dby  the  'Albatross*  at  Jamaica,  W.  I.,  January  1-11,  1884.  Three 
ictly  similar  smaller  ones  of  an  equally  deep  purple  color  were  collected 
trhe  'Albatross'  at  St.  Thomas,  January  16-22,  1884;  these  appear  to 
\re  grown  on  crabs.  In  July  1915,  Mr.  C.  R.  Shoemaker,  of  the  National 
iseum,  obtained  a  number  of  other  specimens  at  St.  Thomas  on  piles 
tr  the  town.  These  exactly  resemble  the  'Albatross'  specimens  found 
3r  thirty  years  previously,  both  in  their  color  and  other  characters; 
5  of  them  is  the  most  massive  and  bulky  colony  of  a  compound  ascidian 
it  I  have  ever  seen.  It  is  a  somewhat  flattened  mass  with  thick 
mded  edges,  about  270  mm.  by  240  mm.  across  and  about  100  mm. 
?h,  attached  by  a  small  area  of  the  lower  surface  and  partially  divided 
'  a  wide,  deep  cleft  into  two  nearly  equal  lobes  connected  at  the  base, 
^is  colony  has  on  one  side  an  irregular  lateral  extension  which,  if 
^lughtened  and  stretched  out,  would  make  the  diameter  of  the  colony 
*c^A8ing  through  it  reach  450  mm.  The  Yale  University  collection  also 
•ontains  a  goodnrized,  rather  deep  purple  colony,  as  well  as  some  paler 
)ne<,  from  Fort  Macon,  North  Carolina,  collected  by  Dr.  H.  (\  Yarrow: 
md  the  National  Museum  has  some  poorly  preserved  ones  laf)eled 
^ferida,  Yucatan. 
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There  seems,  therefore,  to  be  no  possibility  that  the  remarkable 
color  of  these  specimens  can  be  due  to  artificial  or  accidental  staining 
from  other  material  with  which  they  may  have  been  preserved. 

Paler  purple  or  sUghtly  purple  colonies  in  the  National  Muiseum 
collection,  some  of  them  of  considerable  size,  which  appear  to  be  of  this 
species,  were  obtained  at  Gunston,  Potomac  River,  Virginia,  and  at 
Cedar  Keys  and  Charlotte  Harbor  on  the  west  coast  of  Florida.    Such 
specimens,  on  account  of  their  close  approach  to  P.  convexua  make  the 
problem  of  deaUng  with  this  form  a  very  perplexing  one,  yet  it  wouW 
appear  unjustified  to  stretch  the  diagnosis  of  P.  convexxAS  to  include  such 
very  diverse  specimens  as  would  be  necessary  if  this  form  weretobein- 
cluded  there,  and  it  seems  best  to  treat  it  provisionally  as  a  new  species. 
Its  range,  excepting  that  it  is  not  known  from  Bermuda,  is  even  more 
extensive  than  that  recorded  for  P.  convexusy  extending  from  Chesa- 
peake Bay  to  Yucatan,  Jamaica,  and  St.  Thon\as,  W.  I.,  which  seems  to 
exclude  regarding  it  as  a  geographical  race  or  subspecies  of  convexus. 

This  species  is  also  nearly  aUied  to  a  form  found  in  the  Philippines 
which  I  have  identified  with  Sluiter's  (1909)  P.  i^nihinus  (see  Van  Name, 
1918,  p.  135). 

Polycitor  (Eudistoma)  clarus  (Van  Name),  1902 

Figure  37 

1902.     Disioma,  clarum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  345,  PI.  XLVin, 

fig.  10;  PI.  Lix,  fig.  117. 
1909.     Distoma  cUrum  Cauller>',  Bull.  Sci.  France  et  Belgique,  XLII,  p.  43. 
1909-1911.     Polycitor   (Euduioma)    clarus    Hartmeyer,    Bronn's   'Tier-reich,'  HI, 

suppl.,  pp.  1431,  1633. 

1915.  Polycitor  clarus  Michaelsen,  'Beitr.  Meeresfauna  Westafrikas,'  I,  p,  466. 

1916.  Disioma  clarum  Pratt,  *  Manual  Common  Invert.  Animals,'  p.  669. 

Colony  a  small,  rounded  or  oval  mass  without  a  peduncle,  attached 
by  most  of  the  under  surface.  Test  transparent  and  colorless  in  pre- 
served specimens,  but  sUghtly  opalescent  in  life,  with  a  grayish,  pinkish, 
or  sometimes  a  blue  or  green  cast.  Size  of  the  largest  colonies  about  12 
mm.  across  and  6  nun.  or  less  in  height.  Zooids  irregularly  distributed, 
lying  in  preserved  colonies  at  all  angles  to  the  surface,  no  systems  dis- 
cernible.   The  zooids  are  visible  with  perfect  clearness  through  the  test. 

Zooids  small,  provided  with  very  strong  longitudinal  muscle 
bands  on  the  thorax  and  anterior  part  of  the  abdomen;  these  usually 
produce  such  violent  contractions  in  preserved  specimens  that  the 
natural  size  and  form  of  the  zooid  is  entirely  changed  and  distorted. 
Both  apertures  on  tubes;  the  branchial  tube  very  stout,  six  or  seven- 
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tobed;   the  atrial  longer,  six-4obed.    In  immature  zooids,  both  tubes 
may  be  mere  conical  projections.    Posterior  end  of  the  body  produced 
into  a  vascular  process  which  is  often  very  large  and  thick.    Length  of 
the  zooids  when  moderately  extended  3  to  4  mm.  or  more,  but  in  the 
strongly  contracted  and  distorted  condition  in  which  they  are  found  in 
preserved  specimens,  usually  much  less  (2  mm.  or  under).    During  life 
the  thorax  of  the  zooids  is  white,  the  stomach 
and  more  or  leas  of  the  intestinal  loop  yellow 
or  orange.     In  preservation   the   zooids  fade 
to  yellow  or  flesh-color,  and  usually  eventually 
turn  dark  colored  (dark  yellow  or  brown). 

Tentacles  rather  few  but  of  three  sizes,  the 
smallest  ones  appear  to  be  inserted  in  a  circle 
somewhat  anterior  to  the  larger  ones. 

Dorsal  languets  inserted  on  the  transverse 
vessels  of  the  left  side  of  the  sac  a  little  way 
from  the  median  dorsal  vessel. 

Branchial  sac  with  three  rows  of  stigmata, 
not  four  OS  given  in  the  original  description 
and  figure.  About  fifteen  or  sixteen  stigmata 
in  a  row  on  each  side. 

Intestiilal  loop  fairly  long  when  not  con- 
tracted; stomach  proportionately  lance,  globu- 
lar and  smooth- walled,  but  in  preserved  speci- 
mens the  wall  is  usually  found  irregularly 
folded  in  consequence  of  the  contraction  of  the 
body. 

Testes  and  ovaries  beside  the  intestinal 
loop,  the  stout  common  sperm  duct  accompany- 
ing the  intestine  to  near  its  end.    Testes  few,  ^'^-  ■*'-    ^'"'tf^Unr 

II        ■  '   I. .    '  I  II        lEiiditUinia)   daria    (Vkii 

usually  SIX  or  eight  in  number,  pear-shaped.      >,       ,  ,g^y. 

Eggs  large:  the  embryos  develop  into  taile<l  "  i*f't  Md.  o( «»id  coouin- 
larvsin  the  atrial  cavity  of  the  parent.  Some-  {^Jjiuf^^J'^Biopinf  •mbtyo. or 
times  four  or   five   large   einbrj-os  or    lurvro, 

together  (Hiualing  in  bulk  their  parent,  are  found  in  the  dorsal  region 
of  the  Imdy  of  a  single  zooid,  greatly  distending  that  part  of  the  body, 
though  no  distinct  incubatory  pouch  is  formed. 

This  is  one  of  the  most  abundant  ascidiaiis  at  Bermuda,  occurring 
attached  to  stones  along  the  shore  and  on  corals,  etc.,  on  the  reefs,  but 
I  have  not  yet  seen  it  from  any  other  locality.  The  type  is  in  the  Yale 
I'niversity  collection. 
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Polycitor  (Eudistoma)  capBulatui  (Van  Name),  1902 

1902.     Distonia  capsulatum  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.   341,    PI. 

XLvi,  fig.  2;  PI.  Lviii,  fig.  107. 
1906.     Distoma   capsulatum  Rennie  and   Wiseman,    Proc.   Zool.  Soc.  London,  p. 

908,  PI.  Lxv,  fig.  21. 
1909.     Distoma  capsulatum  Caullery,  Bull.  Sci.  France  et  Belgique,  XLII,  p.  43. 
1909-1911.     Polycitor     (Eudistnma)    capsulatus   Hartmeyer,    Bronn's  *Tier-reich,' 

III,  suppl.,  pp.  1431,  1633. 
1915.     Polycitor  capsulatits  Michaelsen,  *  Beitr.  Meeresfauna  Westafrikas,'  I,  p.  66. 

This  species  was  described  from  a  few  small  colonies  obtained  at 
Bermuda  in  shallow  water;  only  two  of  them  were  sufficiently  large  and 
well  developed  to  afford  any  distinctive  characters;  the  type,  which 
measured  17  mm.  by  11  mm.  across  and  5  to  7  mm.  in  thickness,  and  a 
somewhat  smaller  similar  colony  found  with  it.  The  latter  has  been  at 
hand  for  re-examination  in  preparing  this  paper,  but  has  not  availed  to 
clear  up  the  uncertainty  as  to  the  validity  and  systematic  position  of  this 
species,  which  must  still  be  regarded  as  a  doubtful  one. 

The  colonies  are  small,  irregularly  convex  masses  of  unsymmetrical 
outline,  attached  by  the  entire  lower  surface.  Upper  surface  uneven, 
often  slightly  raised  over  the  position  of  each  zooid.  Test  colorless  or 
nearly  so,  but  rendered  white,  opaque,  and  rigid  by  numerous  included 
sand-grains  and  shell-fragments,  which  are  especially  closely  packed 
about  the  zooids  so  as  to  form  a  sort  of  capsule  around  them. 

As  far  as  the  general  character  of  the  colonies  is  concerned,  there 
would  seem  to  be  no  great  objection  to  regarding  them  as  merely  poorly 
developed  and  slightly  abnormal  colonies  of  P.  convexus.    The  zooids  are 
few  and  mostly  much  contracted.     The  few  well-developed  ones  are 
rather  large  and  suggest  from  their  strong  thoracic  musculature  (which 
at  the  posterior  end  of  the  thorax  is  gathered  into  a  broad  band  passing 
down  on  each  side  of  the  abdomen)  the  zooids  of  the  genus  Cystodytes. 
The  way  in  which  the  calcareous  sand-grains  in  the  test  surround  in 
capsule-like  fashion  the  bodies  of  the  zooids  is  also  suggestive  of  that 
genus.    Whether  there  are  actually  four  rows  of  stigmata  (which  would 
further  support  its  relationship  to  Cystodytes,  since  the  West  Indian 
Polycitors  have  but  three)  I  was  unable  to  determine  on  account  of  the 
condition  of  the  zooids.    A  careful  search,  however,  failed  to  reveal  any 
of  the  characteristic  disk-like  spicules  of  Cystodytes  in  the  test,  or  any- 
thing that  could  be  certainly  regarded  as  a  fragment  of  such  a  spicule, 
and  in  their  absence  the  specimens  cannot  be  assigned  to  that  genus. 

A  further  peculiarity  of  the  zooids  is  in  the  structure  of  the  gland 
surrounding  the  intestine,  which  is  demonstrable  in  several  of  the  zooids. 
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The  tubules  are  numerous  and  close  together,  clasping  and  entirely  sur- 
rounding the  ascending  branch  of  the  intestine  for  a  short  distance;  they 
are  somewhat  distended  and  appear  to  end  in  enlarged  bulbs.  I  could 
not  find  the  slightest  evidence  of  their  ascending  along  the  intestine  and 
tapering  off  to  narrow,  pointed  tips  as  in  Polycitor  convexus,  although  the 
cohditions  for  demonstrating  the  structure  appeared  very  favorable. 

These  peculiarities  appear  to  stand  in  the  way  of  identifying  this 
form  with  any  of  the  other  species  here  described.  The  only  other  record 
for  it,  besides  the  original  one  from  Bermuda,  is  that  of  Rennie  and  Wise- 
man, who  somewhat  doubtfully  identify  a  small  colony  from  the  Cape 
Verde  Islands  with  this  form.  The  type  is  in  the  Yale  University  col- 
lection. 

Clavkuna  Savigny,  1816 

As  here  employed,  this  genus  is  used  in  a  comprehensive  sense, 
including  Chandrostachys  MacDonald,  1858,  Pododavdla  Herdman,  1890, 
and  Rhodozona  Van  Name,  1902,  on  the  ground  that  the  characters  dis- 
tinguishing these  groups  are  unessential  and  purely  superficial,  depend- 
ing mainly  on  the  degree  of  separation  of  the  zooids,  which  may  each  have 
a  separate  covering  of  test  or  may  be  more  or  less  buried  in  a  common 
mass  of  test,  a  character  not  even  of  specific  value.  Several  other  genera 
should  probably  also  be  included. 

No  reason  is  at  present  apparent  to  the  writer  why  even  the  rank 
of  a  subgenus  should  be  accorded  to  any  of  these  groups.  It  would, 
however,  certainly  be  premature  to  claim  that  a  valid  basis  may  not 
sometime  be  found  for  subdividing  the  genus  Clavelina.,  taken  in  this 
comprehensive  sense,  into  two  or  possibly  more  well-defined  groups 
worthy  of  at  least  subgeneric  rank.  Clavelina  detorta  (Sluiter)  from  the 
Malay  region,  for  instance,  might  be  regarded  as  deserving  of  such 
separation  on  account  of  certain  peculiarities  in  the  form  and  structure  of 
the  zooids.  But  such  subdivision  of  Clavelina,  should  await  more  com- 
plete knowledge  of  the  subject. 

Since,  as  shown  below,  specimens  undoubtedly  belonging  to 
Clavelina  may  have  the  zooids  completely  buried  in  a  common  mass  of 
test  and  may  have  the  stomach  wall  plicated,  the  distinction  between 
Clavelina  and  the  typical  subgenus  of  Polycitor  Renier,  1804,  which  is 
characterized  by  many  rows  of  stigmata  and  a  plicated  stomach  wall, 
apparently  disappears,  and  Clavelina  should  perhaps  be  treated  as  a 
8ynon3rm  of  Polycitor.  As  no  specimens  of  that  subgenus  have  been 
available  for  study  (the  West  Indian  Polycitors  are  all  of  the  subgenus 
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Eudistoma),  this  problem  cannot  be  dealt  with  here,  and  the  generic 
name  Clavelina  will  be  retained  in  the  present  article  for  the  two  following 
species. 

Clavelixia  oblonga  Herdman,  1880 
Figures  3^,  39,  and  53 

1880.     Clavelina  oblonga  Herdman,  ProcT  Roy.  Soc.  Eklinburgh,  X,  p.  724,  figs.  93- 

95. 
1882.     Clavelina  oblonga  Herdman,  *Rept.  Voy.  Challenger,  Zool.,'  VI,  p.  246,  PI. 

XXXV,  figs.  6-10. 

1890.  SiereodaveUa  oblonga  Herdman,  Trans.  Biol.  Soc.  Liverpool,  V,  p.  161. 

1891.  SiereodaveUa  oblonga  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII, 

p.  604. 
1900.     Clavellina  oblonga -{-Diazona  picia  Verrill,  Trans.  Conn.  Acad.  Sci.,  X,  pp. 

588-591,  PI.  Lxx,  fig.  8. 
1902.     Clavelina  oblonga -{-Rhodozona  picla   Van  Name,    Trans.  Conn.  Acad.  Sci., 

XI,  pp.  334,  335,  PI.  XLvi,  figs.  1, 3;  PI.  xlvii,  figs.  5,  7;  PI.  uc,  fig.  122; 

PI.  LXii,  fig.  130a. 
1907.    Rhodozona  picla  Seeliger,  Bronn's  ^Tier-reich,'  III,  suppl.,  p.  1208. 
?1908.    SiereodaveUa  species  Hartmeyer,  Year  Book  Carnegie  Inst.,   Washington, 

No.  6,  p.  111. 
1909-1911.     Chondroatachys   oblonga -\-C.   picia   Hartmeyer,    Bronn's    *Tier-reicli,' 

III,  suppl.,  pp.  1427,  1633, 
1912.    Chondroaiachys     6blonga-\-C.     picia     Hartmeyer,    ^Deutsch.  Tiefsee-Exp.,' 

XVI,  p.  295. 

The  type  of  this  species,  collected  by  the  Challenger  Expedition  and 
described  and  figured  by  Herdman  (1882),  consisted  of  a  colony  of  about 
forty  zooids  or  individuals,  each  with  its  separate  covering  of  test,  united 
only  at  the  posterior  end,  where,  according  to  Herdman'a  description, 
they  '^forni  a  thick  irregular  stolon."    In  such  colonies  as  the  above  the 
individuals  are  club-shaped,  usually  20  to  30  mm.  long  (high)  inclusive 
of  the  test;  each  is  inclosed  in  a  thick  covering  of  test,  which  is  wide  and 
rounded  at  the  summit  or  anterior  end,  where  the  two  apertures  are 
situated,  and  tapers  into  a  narrow  base  by  which  it  is  attached  to  the 
other  members  of  the  colony  through  a  basal  mass  of  test  containing 
branching  vessels  that  may  bear  a  few  bulbs  or  enlargements. 

Colonies  of  this  type  (Fig.  38)  are  frequent,  but  along  with  them  are 
often  found  others  in  which  the  posterior  half  of  each  zooid  (or  a  greater 
or  less  part  of  its  length)  is  buried  in  the  common  basal  mass  of  the 
colony;  only  their  anterior  parts  have  a  separate  and  independent  test 
covering;  in  immature  or  imperfectly  developed  colonies  the  entire 
length  of  the  zooid  may  be  thus  buried,  as  it  is  in  most  compound 
ascidians,  the  colony  consisting  of  one  or  more  capitate  lobes;  in  some 
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specimeiiB   this   entirely    buried  condition  persists  even   thoufrh  the 
Eooids  have  attained  full  size  and  fully  adult  condition. 

The  usual  condition  is,  however,  that  of  at  least  partial  separation 
of  the  zooids;  lar^  colonies,  which  may  include  some  hundreds  of  zooids 
and  measure  160  mm.  or  more  across,  are  made  up  of  many  lobes  or 
groups  of  more  or  less  intimately  joined  individuals.  F^.  39  shows  a 
part  of  the  colony  comprising  three  such  groups  or  lobes.  Diazona  pidA 
VerriU,  1900,  was  based  on  a  large  colony  of  this  character. 


Fi^.  38  and  ',i9.    CUmtlina  obUingx  Hrrdniim.  1880 
Fia.  38.     Sm*U  Eolony  with  Hpunil*  looide,  X  l.H.    Fif.  39,    Thno  lobts  of  k  Uras  colony  with 
partiallir  unitwl  looidi,  X  1.8-    (In  both  ficurta  the  laoidi  sre  reprcwnted  with  the  bnnFhiil  uc 


The  test  is  gelatinous,  more  or  less  perfectly  transparent,  sometimes 
eotirely  colorless,  in  other  cases  with  a  pinkish  or  violet  tinge  which  may 
or  may  not  be  retained  in  preserved  material.  In  some  living  specimens 
obtained  at  Bermuda,  the  zooids  showed  through  the  test  as  light  yellow- 
ish, with  the  stomach  and  intestine  deep  yellowish  brown.  Some  opaque 
white  pigment  was  present  about  the  apertures  and  elsewhere  on  the 
thorax.  There  was  no  pink  or  carmine  color  on  any  paii  of  the  speci- 
mens, hut  in  some  colonics,  as  in  those  (Iescrilx>d  by  Verrill  us  Diazona 
pida,  there  is  a  carmine  ring  about  the  oral  ii|M>rture  and  often  a  stripe 
of  the  same  color  down  the  ventral  side  of  the  thorax  of  each  zooid.  A 
colony  collected  off  Biscayne  Bay,  Florida,  by  Dr.  Paul  Bartsch,  is 
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noted  as  'transparent  with  a  delicate  tinge  of  crimson."  In  alcoholic 
material  the  test  generally  loses  some  of  its  transparency;  preserved 
specimens  do  not  usually  show  conspicuous  pigmentation,  whatever 
may  have  been  their  condition  during  life,  yet  in  one  specimen  the  zooids 
exhibit  a  conspicuous  ring  of  bright  yellow  pigment  about  the  oral  aper- 
ture.  This,  of  course,  may  have  been  some  other  color  when  fresh. 

2iOoids  (Fig.  53,  p.  377)  very  variable  in  size  in  different  colonies; 
in  some  their  length  is  quite  uniform,  in  others  it  is  not  at  all  constant. 
Large  zooids,  well  expanded,  may  reach  25  nun.  long.  In  the  ordinary, 
contracted,  preserved  condition  they  do  not  usuaUy  exceed  half  or  two- 
thirds  this  length.  A  vascular  process  from  the  posterior  end  of  each 
zooid  joins  it  to  the  branching  stolons  in  the  base  of  the  colony.  Thorax 
of  zooid  large,  oval  when  contracted,  more  barrel-shaped  in  expansion; 
the  orifices  on  very  short  tubes  at  the  anterior  end,  the  branchial  orifice 
being  the  larger  of  the  two.  The  abdomen  or  posterior  part  of  the  body 
is  long  and  narrow.  Sphincter  muscles  of  apertures  not  very  strong. 
Both  apertures  frequently  have  six  distinct  lobes;  in  other  specimens  the 
border  may  be  merely  sinuous  or  even  perfectly  plain. 

Mantle  musculature  developed  mainly  on  the  thorax,  where  there 
are  rather  slender  longitudinal  muscle  bands,  rather  widely  spaced,  and 
underlying  them  a  somewhat  larger  number  of  narrower,  less  perfectly 
formed,  transverse  bands,  so  that  an  open  network  of  square  or  oblong 
meshes  is  formed. 

Tentacles  not  very  numerous;  in  a  large  individual  only  about 
thirty  were  demonstrated.    They  represent  three  orders. 

Dorsal  tubercle  of  plain  oval  form,  longitudinally  elongate. 

Dorsal  languets  triangular,  broad  at  the  base.  They  arise  directly 
from  the  median  dorsal  vessel  and  are  continuous  with  inwardly  project- 
ing membranes  which  extend  along  the  transverse  vessels  of  the  sac. 

Branchial  sac  with  from  about  ten  to  twenty-two  rows  of  small  oval 
stigmata;  there  are  often  forty  or  more  in  a  row  on  each  side.  Trans- 
verse vessels  stout,  each  provided  with  a  membrane  along  the  side  toward 
the  interior  of  the  sac  as  above  noted. 

Intestinal  loop  long  and  very  narrow;  rectum  extending  only  a  short 
distance  into  the  thorax.  Stomach  elongate  oval,  largest  at  the  pyloric 
end,  generally  smooth-walled,  with  a  single  internal  longitudinal  ridge 
or  typhlosole;  yet  in  some  colonies  its  wall  exhibits  about  a  dozen  longi- 
tudinal folds  which  are  sometimes  so  distinct  and  regular  as  to  leave  no 
doubt  that  they  are  permanently  present,  not  due  to  contraction. 
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Reproductive  organs  beside  the  posterior  part  ot  the  intestinal  loop. 
The  ovary,  situated  near  the  posterior  end  of  the  stomach,  is  sac-like 
and  is  prolonged  into  a  stout  oviduct  which  accompanies  the  ascending 
branch  of  the  intestine.  The  oviduct  is  crowded  with  small  eggs  in  some 
specimens.  Testes  small  and  pear-shaped,  very  numerous,  forming  a 
dense  cluster  near  and  posterior  to  the  ovary.  The  common  sperm  duct 
accompanies  the  oviduct  and  intestine.  The  peribranchial  cavity  often 
contains  numerous,  small,  tailed  larvse. 

This  is  a  common  and  widely  distributed  species,  ranging  from 
Bermuda  and  South  Carolina  to  Brazil,  and  occurring  both  along  the 
shore  near  low-water  mark  and  in  deeper  water  (to  28  fathoms),  though 
apparently  more  abundant  in  shallower  situations  (not  over  6  or  8 
fathoms).  Its  great  variability  in  size,  color,  appearance,  form  of  the 
colony,  and  the  degree  of  separation  of  the  zooids  have  led  to  much  dis- 
agreement and  confusion  as  to  its  proper  generic  and  specific  name. 
Some  of  the  colonies  of  this  species  are,  from  their  large  size,  delicate 
structure,  transparency  and  bright  coloration,  among  the  most  beautiful 
members  of  the  varied  marine  fauna  of  the  West  Indian  region.  Colonies 
in  which  the  zooids  are  completely  buried  in  a  common  mass  of  test  are 
not  always  easily  distinguishable  from  small  examples  of  the  next- 
described  species;  yet,  in  spite  of  the  occasional  occurrence  of  such  per- 
plexing specimens,  the  two  species  appear  to  be  distinct,  and  with  living 
or  fresh  specimens  the  difficulty  might  largely  disappear.  This  species  is 
found  growing  attached  to  a  great  variety  of  objects,  stones,  shells,  corals, 
etc.;  some  of  the  largest  and  handsomest  colonies  grow  on  gorgonians. 
One  very  small  one  appears  from  the  form  of  its  base  to  have  grown  on  the 
back  of  a  small  crab. 

The  type  of  this  species  was  obtained  by  the  Challenger  Expedition 
of  Bermuda,  where  it  is  common,  and  has  also  been  collected  by  Professor 
Verrill  (1901)  and  by  myself  along  the  shore  and  in  depths  of  a  few  feet. 

Hartmeyer  (1912a)  reports  it  from  the  Brazilian  coast,  and  from  St. 
Thomas  and  other  West  Iixdian  localities,  and  would  identify  it  with 
Lesueur's  (1823)  Ascidia  claviformis  from  St.  Vincent,  but  Lesueur's 
description  and  figure  would  apply  also  to  Edeinascidia  turbinata  (see 
p.  375),  so  that  it  seems  advisable  to  retain  Herdman's  name. 

The  National  Museum  collection  contains  examples  from  numerous 
localities.  Most  of  the  specimens  were  dredged  off  the  west  coast  of 
Florida  from  the  vicinity  of  Cedar  Keys  southward  to  off  Key  West, 
at  various  depths  down  to  28  fathoms;  several  were  from  southeastern 
Florida  and  one  large  colony  from  the  Blackfish  Banks  off  Charleston, 
South  Carolina. 
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At  Porto  Rico  it  was  dredged  by  the  American  Museum  Ibq>edition 
at  several  points  off  the  southern  coast  in  from  15  to  42  feet,  but  the 
colonies  were  of  small  size. 


CUtcHiu  KigantM  (Sluiter),  1919 
Figure  40 
1019.    Polycilor  gigaTileus  Sluiter.  Bijdr.  DJerkunde,  Feestnummer,  p.  10,  PI.  i, 
figs.  18-20. 

The  National  Museum  collection  contains  a  number  of  specimeiis 
that  appear  to  belong  to  this  species,  recently  described  by  Sluiter. 
^rt  The  colony  is  large  and  massive,  some- 

times GODBLsting  of  two  or  more  lobes  or  heads 
connected  at  the  base,  but  in  other  cases  it  is 
_  undivided.    In  form  the  heads  may  be  irr^u- 

larly  spherical,  though  more  often   they  are 
pear-shaped,  cuneate  or  capitate;  a  more  or 
less  well-defined  thick  peduncle  may  be  devel- 
oped, or  it  may  merely  be  attached  by  a  nar- 
rowed base.     The  surface  of  the  colony  varies 
from  smooth  to  quite  deeply  pitted  with  small 
depressions  over  the  positions  of  the  sooids; 
the  latter  condition   is  probably  lai^ely  arti- 
ficial,  due  to  the   greater  shrink^ite   of   the 
zooids  than  the  solid  test  substance.    The  test 
Fig.  40.     Claoelina    is,  in  the  alcoholic  specimens,  rather  hard  and 
giganiea  (Sliiiteri,  li>19         tough   and  somewhat  opaque,  in  contrast  to 
eoio^t^uJinuiVe"   "'™*''    thc' transparent  gelatinous   character  seen  in 
well-preserved  specimens  of  C.  oblonga.     Its 
color  in  life  is  uncertain.    Some  of  the  colonies,  though  they  have  been 
kept  in  alcohol  for  many  years,  are  chocolate-brown,   due  to  brown 
pigment  in  the  test  cells;  others  show  no  pigment  at  all,  the  teat  and 
tissues  being  of  the  usual  yellowish  white  color.     Whether  these  were 
originally  unpigmented  or  are  merely  faded  is  not  certain,  but  no  inter- 
mediate, slightly  pigmented  specimens  are  in  the  collection. 

The  zooids  arc  scattered  and  placed  perpendicularly  to  the  surface 
without  being  arranged  in  gioups  or  systems.  They  are  of  large  size, 
so  that  their  posterior  ends  extend  down  into  the  central  or  even  into  the 
basal  parts  of  the  colony.  The  test  immediately  inclosing  the  body  of 
each  zooid  is  tougher  and  harder,  forming  a  sort  ot  sheath. 
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The  size  of  the  colonies  (some  of  which  may  be  lobes  or  divisions  of 
more  extensive  colonies  that  have  become  separated)  is  quite  variable; 
the  larger  heads  do  not  ordinarily  exceed  50  or  60  mm.  in  total  height, 
including  the  narrowed  basal  part  ot  peduncle,  and  a  diameter  in  the 
upper  portion  of  30  or  35  nmi.,  but  there  are  a  few  specimens  in  which 
these  dimensions  are  considerably  exceeded.  The  zooids,  though  very 
variable  in  size,  average  considerably  larger  than  in  the  last  species, 
attaining  in  some  of  the  colonies  a  length  of  about  30  mm.,  even  in  the 
preserved  and  not  fully  extended  condition.  In  structure  they  so  closely 
correspond  to  those  of  C  cblonga  that  no  separate  description  or  figure  is 
needed.  The  rows  of  stigmata  are,  however,  more  nmnerous,  sometimes 
over  30  in  large  zooids,  with  70  or  more  stigmata  in  a  row  on  each  side, 
and  the  testes  may  be  also  exceedingly  numerous.  As  in  C.  oblonga, 
the  branchial  and  atrial  apertiu'es  may  be  distinctly  six-lobed,  and  the 
stomach  wall  may  exhibit  about  a  dozen  distinct  longitudinal  plications, 
but  either  or  both  of  these  characters  may  be  only  obscurely  developed  or 
absent.  Vascular  appendages  extend  down  into  the  lower  part  of  the 
colony  from  the  posterior  end  of  the  zooids,  but  they  are  not  usually 
very  conspicuous.  The  tentacles  are  of  three  orders;  the  normal  total 
niunber  is  probably  thirty-two,  but  the  smaller  ones  are  usually  wanting 
in  some  of  the  intervals. 

Sluiter  describes  the  dorsal  tubercle  as  U-shaped  and  I  have  also 
foimd  it  presenting  this  appearance,  but  believe  that  when  this  is  the  case 
it  is  due  to  a  notch  or  interruption  in  the  border  of  the  tubercle,  and  that 
the  actual  orifice  has  merely  an  elongate  oval  form  as  usual  in  the  genus. 
However,  in  very  old  and  large  zooids,  such  as  those  in  Sluiter's  specimen, 
an  actual  U-form  may  perhaps  be  developed. 

The  specimens  here  referred  to  this  species  were  all  obtained  in  the 
Gulf  of  Mexico  at  stations  off  the  west  coast  of  Florida,  from  the  vicinity 
of  Cedar  Keys  to  that  of  Key  West,  except  one  from  off  the  southern 
coast  of  Yucatan.  The  depths,  where  given,  range  from  6  to  28  fathoms; 
the  bottom  was  sandy  in  a  majority  of  cases  where  it  was  recorded.  It 
is  apparently  not  a  Uttoral  form. 

Sluiter  (1919)  described  the  species  to  which  they  are  here  referred 
from  a  single  colony  of  somewhat  cylindrical  form,  12  cm.  high  and  8  cm. 
in  diameter,  of  a  brownish  color  on  the  surface,  containing  very  large 
aooids  (4.5  cm.  long).  The  specimen  was  from  the  West  Indies,  exact 
locality  not  given. 

None  of  the  National  Museum  specimens  equal  Sluiter's  example  in 
the  size  of  th6  zooids,  but  this  character  is  very  variable  in  this  group.   A 
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much  more  serious  discrepancy  is  that  Sluiter  found  minute  papilte 
along  the  inner  side  of  the  transverse  vessels  of  the  branchial  sac,  while 
the  best  preserved  specimens  in  the  National  Museum  series  show  that  a 
continuous  plain-edged  membrane,  not  a  series  of  papill£e,  is  present. 
This  difference,  reported  by  so  experienced  an  observer  as  Professor 
Sluiter,  would  seem  to  prevent  regarding  the  two  forms  as  identical,  were 
it  not  for  the  fact  that  in  more  or  less  poorly  preserved  and  laterally  con- 
tracted zooids  the  edge  of  the  membrane  becomes  sinuous  and  often 
notched  and  broken  so  as  to  strongly  suggest  a  series  of  papillse.  In 
fact,  in  the  first  specimen  examined,  which  happened  to  be  rather  poorly 
preserved,  the  writer  was  deceived  in  the  same  way,  and  spent  some  time 
in  looking  (of  course  in  vain)  for  the  internal  longitudinal  vessels  of  which 
he  thought  these  supposed  papillse  might  be  the  supports. 

No  other  character  separates  this  soecies  generieally  from  Clavdina 
oblonga  (indeed  small  and  poorly  developed  colonies  of  the  present  species 
are  difficult  to  distinguish  from  that  form);  it  is,  therefore,  placed  in 
Clavelina  in  this  paper,  since  that  generic  designation  is  retained  for 
oblonga, 

CTBTODTns  von  Drasche,  1884 

Distinguished  from  Polycitor  chiefly  by  possessing  disk-shaped  calcareous  spicules 
in  the  test. 

Cystodytes  dellechiai»  (Delia  Valle),  1877 

Figures  41  and  42 

1877.     Disloina  dellechiaise  Delia  Valle,   *  Contribuzioni  alia  storia  naturale  delle 

Ascidie  composte  del  Golfo  di  Napoli,'  p.  40    {fide  Herdman)* 
1886.     Cystodyies  draschii  Herdman,  'Kept.  Voy.  Challenger,  Zool.,*  XIV,  p.  137, 

PI.  XIX,  figs.  1-15. 
1891.     Cystodyies  draschii  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  615. 
1902.     Cystodyies  draschii -^C.  violaceus  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI, 

pp.  347,  348;    PI.  xlviii,  figs.  12-14;    PI.  xlix,  fig.  17;   PI.  lviii,  figs. 

99-101. 
1907.     Cystodites  draschei  Seeliger,  Bronn's  *Tier-reich,'  III,  suppl.,  p.  1222. 
1909.     Cyslodiles  molacem  Caullery,  Bull.  Sci.  France  et  Belgique,  XLII,  p.  45. 
1909-1911.     Cystodites  draschei-\-C.  violac£us  Hartmeyer,  Bronn's  *Tier-reich,*  III, 

suppl.,  pp.  1434,  1633,  1634. 
1912.     Cystodites  draschei -\-C.  molaceus  Hartmeyer,  'Deutsch.   Tiefsee-Exp.,*  XVI, 

pp.  314,  373. 
1915.     Cystodyies  d€llechiajei-\-C.  draschei  Michaelsen,   'Beitr.   Meeresfauna  West- 

afrikas,'  1,  p.  483. 

The  above  references  are  those  applying  to  this  species  as  found  in 
American  waters.    See  below,  p.  362. 
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Colony  usually  with  a  fairly  even  surface  and  with  rounded  edges, 
lOi^h  in  some  places  these  may  expand  into  a  thin  margin.  Size  of 
rgest  specimens  60  to  80  mm.  across  and  about  .5  mm.  thick.  Surface 
irly  smooth;  color  of  colony  varying  from  brown,  blackish  or  purple 
ue  to  oval  pigment  cells  in  the  test)  to  pale  buff  or  almost  white, 
irple  colonies  turn  brown  in  preservation.  The  pigment  may  or  may 
>t  be  abundant  enough  to  conceal  the  white,  calcareous  capsules  that 
close  the  posterior  parts  of  each  zooid,  and  into  which  they  withdraw 
len  they  contract.  They  are  built  up  of  overlapping,  thin,  disk-like, 
.ghtly  concave  spicules  (Fig.  42),  .4  or  sometimes  .5  mm.  or  more 
;ro88,  though  many  of  them  are  much  smaller.    Some  of  the  spicules 
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y  also  be  scattered  in  the  basal  parts  of  the  colony,  taking  no  part  in 
naing  any  capsule.  In  many  colonies,  the  capsules  are  poorly  formed 
I    the  spicules  are  mostly  very  badly  broken;  sometimes  the  spicules 

largely  replaced  by  irregular  granules  of  calcareous  matter.  The 
t.  is  largely  composed  of  small,  hollow  bladder  cells,  as  is  the  case  in 
r»y  other  compound  ascidians. 

The  zooids  resemble  those  of  the  subgenus  Eudistotna  in  most  char- 
er^,  but  are  proportionately  shorter.  The  longitudinal  muscles  of  the 
ntle  of  the  thorax  form  distinct  bands,  but  the  bands  of  each  side  of 

VxKiy  are  gathered  together  into  a  single  very  broad,  thick  one  on 
^»  side  in  the  constricted  middle  part  of  the  Ijody.  This  serves  to 
fact  the  anterior  part  of  the  body  into  the  capsule  formed  by  the 
'■^ulcB.    In  preserved  3pe<'imens  these  strong  bands  generally  violently 
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contract  and  distort  the  body,  shortening  it  into  some  such  form  as  shown 
in  Fig.  41. 

Apertures  six-lobed,  on  well-developed  tubes,  the  atrial  tube  much 
the  longest. 

Tentacles  nimierous,  of  three  sizes;  Herdman  gives  the  number  as 
about  fifty.  The  smaller  ones  are  inserted  in  a  circle  farther  forward 
than  the  large  ones. 

Dorsal  languets  arising  from  the  transverse  vessels  of  the  left  side 
of  the  body. 

Four  rows  of  stigmata  with  at  least  a  dozen  in  a  row  on  each  side. 
Intestinal  loop  short,  stomach  apparently  round  and  smooth-walled; 
its  wall  is,  however,  thin  and  is  usually  thrown  into  folds  in  preserved 
specimens. 

Reproductive  organs  beside  the  intestinal  loop  as  in  Pclycitor^  the 
conmion  sperm  duct  accompanying  the  distal  part  of  the  intestine  to 
near  its  end.  Testes  pear-shaped,  ten  or  more  in  nmnber  in  weB- 
developed  zooids.  Ovary  a  group  of  eggs  near  the  conmiencement  of  the 
conmion  sperm  duct. 

In  spite  of  considerable  variations  in  color  and  in  the  size  of  the 
spicules  and  an  imusuaUy  wide  range  in  depth  of  habitat,  the  larger  series 
of  specimens  now  available  leads  me  to  doubt  whether  more  than  one  spe- 
cies of  this  genus  can  be  recognized  in  the  West  Indian  region,  and  IfoDow 
Michaelsen  (1915,  p.  485)  in  identifying  it  with  Delia  Valle's  (1877) 
Mediterranean  form,  and  in  regarding  several  other  Old  World  species, 
including  C.  philippinensis  Herdman,  1886,  from  the  Philippines  (see 
Van  Name,  1918)  as  synonyms  or  mere  varieties  of  it.   But  with  Michael- 
sen's  course  in  separating  Herdman's  C.  draschii  as  a  distinct  species 
merely  for  the  reason  that  the  bladder  cells  in  the  test  of  his  type  were 
not  so  closely  crowded  together  as  in  some  of  the  others,  I  must  totally 
disagree.     I  cannot  agree  with  Dr.  Michaelsen's  belief  that  two  species 
can  be  separated  on  such  a  difference ;  it  is,  indeed,  not  even  an  individual 
character,  as  it  no  doubt  varies  in  different  stages  of  growth  of  the  same 
colony.   Herdman's  C.  draschii  was  obtained  by  the  *  Challenger'  at  Barra 
Grande,  Brazil,  in  400  fathoms,  a  considerably  greater  depth  than  any 
of  the  other  records,  but  it  does  not  appear  to  differ  from  the  rest  in  any 
important  respect.    At  Bermuda  this  species  is  not  uncommon  on  corals, 
gorgonians,  etc.,  on  the  reefs,  and  I  have  collected  it  on  stones  along  the 
shore.   The  National  Museum  contains  specimens  from  shallow  water  off 
the  west  coast  of  Florida  and  from  deeper  situations.  Station  7279, 
Steamer  Fish  Hawk    (Gulf  Stream  off  Key  West,  Florida,  98  fathoms, 
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sand)  and  Station  2333,  Steamer  Albatross  (23°  10'  36"  N.,  82°  19'  12 
W.,  169  fathoms,  fine  white  coral). 

HoLozoA  Lesson,  1830 

l  =  Didaplia  Delia  Valle,  1881.  Proposed  nomen  conservandumy  Distaplia] 

Branchial  sac  with  four  rows  of  stigmata,  each  row  crossed  at  its  middle  by  a 
slender  transverse  (dorsoventral)  vessel.  Development  of  the  embryos  (in  the 
typical  species,  at  least)  takes  place  in  a  large  pouch  or  external  diverticulum  of  the 
peribranchial  cavity  into  which  the  oviduct  passes. 

HoloBoa  bennudenflis  (Van  Name),  1902 

[Distaplia  bermudensis  under  proposed  system  of  nomina  conservanda] 

Figure  43 

?1870.    Cellulophana  collectrix  O.  Schmidt,  'Grundz.  Spongienf.  Atlant.  Geb.,'  p.  25. 
1902.     Distaplia  bermudensis  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  349,  PI. 

xux,  figs.  15, 18, 19;  PI.  lix,  figs.  108,  111;  PI.  lxii,  fig.  130b. 
1909.     Distaplia  bermudensis  CauUery,  BuU.  Sci.  France  et  Belgique,  XLII,  p.  45. 
1909-1911.     Hclozoa    bermudensis    Hartmeyer,    Bronn's    'Tier-reich,'  III,  suppl., 

pp.  1437,  1633. 
191 1 .    Holozoa  bermudensis  Hartmeyer, '  Deutsch.  Stidpolar-Exp.,  Zool., '  XII,  p.  486. 

Form  of  colony  very  variable,  sometimes  capitate,  consisting  of  one 
or  more  heads,  usually  somewhat  flattened  on  top  with  rather  abrupt 
Bides  tapering  into  a  short  peduncle;  in  other  cases  it  forms  a  flat  in- 
crusting  sheet,  commonly  4  or  5  mm.  thick  and  often  several  centimeters 
across.  The  colony  may,  however,  have  any  of  an  infinite  variety  of 
intermediate  forms.  The  heads  in  the  capitate  colonies  may  reach  a 
diameter  of  20  mm.  or  more.  They  are  rarely  of  very  symmetrical  form. 
Colors  of  the  colonies  as  variable  as  their  shape,  often  very  brilliant  dur- 
ing life,  but  usually  fading  to  a  green,  blue-green,  yellowish  or  olive  tint 
in  preserved  material,  though  some  alcoholic  specimens  are  reddish  or 
pink,  or  are  mottled  or  marbled  with  areas  of  greenish  or  blue-green  and 
red  or  pink.  As  a  rule,  the  basal  parts  of  the  colony  are  pale,  the  upper 
portions  darker,  sometimes  shading  into  blackish.  The  colors  of  Uving 
specimens  are  much  more  varied  and  beautiful,  often  chocolate -brown, 
shading  into  or  marbled  with  olive,  violet,  purple,  black,  rose  color,  or 
even  an  intense  orange-red;  any  one  of  these  colors  may  predominate. 
White  pigment  is  often  present  about  the  orifices.  These  colors  are 
chiefly  due  to  oval  pigment  cells  in  the  test. 

Test  translucent  or  semitransparent;  surface  of  the  colony  not 
shiny.  Zooids  arranged  in  systems,  sometimes  composed  of  but  few 
sooids,  in  other  cases  extensive  and  complex.     Vascular  processes. 
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straight  and  unbranched,  extending  down  from  the  posterior  ends  of  the 
zooids,  are  often  conspicuous  in  the  basal  parts  of  the  colonies. 

Expanded  zooids  may  measure  over  3  mm.  long  and  1.3  mm.  across 
the  thorax,  even  in  preserved  material,  but  are  much  subject  to  shrink- 
age owing  to  the  delicacy  of  their  tissues,  which  are  oft«n  beautifully 
transparent.  Mantle  musculature  slight,  consisting  chiefly  of  veiy 
delicate  bands  in  the  thorax,  which  run  mostly  in  an  oblique  direction. 


This  is  in  strong  contrast  to  the  condition  prevailing  in  the  genus  f  oljh 
citor,  where  there  are  very  powerful  longitudinal  bands  on  the  thoru. 
Even  the  sphincter  of  the  branchial  orifice  is  comparatively  weak  in  the 
present  genus.  Margin  of  branchial  orihce  with  irregular  rounded 
teeth  or  crenations;  when  contracted  often  appearing  plain.  AtriB) 
orifice  large,  smooth-margined,  its  anterior  hp  produced  into  a  larp 
languet. 
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Tentacles  about  sixteen,  of  two  sizes  placed  alternately. 

Dorsal  languets  long  and  narrow. 

Branchial  sac  with  four  rows  of  long  narrow  stigmata.  The  delicate 
ructure  of  the  sac  and  its  consequent  liability  to  folding  and  distortion 
akes  accurate  counting  of  the  stigmata  difficult.  An  examination  of 
me  unusually  favorable  material  indicates  a  somewhat  smaller  number 
stigmata  than  given  in  my  original  description;  there  are  probably 
2;hteen  or  nineteen  in  a  row  on  each  side.  Those  of  each  row  are 
ossed,  without  being  interrupted,  by  a  delicate  intermediate  transverse 
;ssel. 

Stomach  elongate-oval,  tapering  toward  the  pyloric  end.  In  all  of 
any  zooids  from  diflferent  colonies  and  localities,  its  walls  were  found 
•  be  smooth  within  and  without,  except  for  a  minutely  granular  rough- 
5S8,  visible  on  considerable  magnification,  and  for  a  single,  internal, 
ngitudinal  ridge  or  typhlosole.  Stomach  and  proximal  part  of  intestine 
ange  or  yellow  during  life. 

Zooids  hermaphroditic;  reproductive  glands  on  the  right  side  of  the 
testinal  loop.  The  small,  oval  testes  (about  ten  to  twelve  in  number) 
d  the  ovary  lie  close  together.  The  thick-walled  sperm  duct  accom- 
aies  the  ascending  branch  of  the  intestine.  The  delicate,  thin-walled 
duct  does  also  for  a  distance,  then  enters  the  incubatory  pouch.  This 
acture  is  not  present  on  all  zooids,  and  in  many  colonies  none  will  be 
nd  on  any  of  them.  Apparently  it  develops  only  when  needed  to  re- 
^c*  the  embryos.  It  is  a  large,  elongate,  curved,  tapering  evagination 
tie  wall  of  the  right  posterior  dorsal  part  of  the  peribranchial  ca\dty 
i^ected  with  the  body  of  the  zooid  by  a  neck  too  narrow  to  allow  the 
>ryos  to  pass  out  again  when  they  have  attained  their  growth,  and 
y^  escape  by  bursting  the  walls  of  the  pouch  and  the  surrounding  test 
stance.  The  embryos  are  arranged  in  the  pouch  in  one  row,  the 
-St  in  the  proximal  part.  Often  pouches  with  their  contents  of  de- 
eping young  are  found  lying  in  the  test  unattached  to  any  zooid, 
''ing  broken  away,  or  the  zooids  originating  them  having  died  and  been 
K>rbed. 

This  species  appears  to  be  well  differentiated  from  the  well-known  H. 
•vate  Sars  ot  the  northern  seas  of  Europe  and  America  (see  Van  Name, 
^^0),  but  its  relationships  to  the  Mediterranean  species  require  further 
ivestigation.  Perhaps  it  may  be  identical  with  CeUulophana  coUectrix 
^.  Schmidt,  1870,  from  Tortugas,  Florida,  described  as  a  sponge.  The 
pecimens  in  the  collections  studied  show  its  range  to  include  Bernmda 
the  type  locality).  South  Carolina,  Florida  (both  coasts),  Porto  Rico, 
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and  the  former  Danish  West  Indies.  It  is  a  shallow-water  species  which 
grows  on  stones,  piles,  corals,  and  a  great  variety  of  other  objects,  in- 
cluding other  species  of  ascidians,  but  a  specimen  from  off  the  northern 
part  of  the  South  Carolina  coast  was  dredged  in  15  fathoms  and  a  poor 
and  somewhat  doubtful  one  in  27  fathoms  off  the  west  coast  of  Florida. 
These  are  the  deepest  records.  It  is  one  of  the  conmionest  shallow-water 
species  at  Bermuda  and  at  St.  Thomas,  W.  I.  At  Porto  Rico  it  was  found 
common  along  the  shores  of  Guanica  Harbor,  and  was  also  dredged  off 
the  mouth  of  that  harbor  in  5  fathoms  and  near  the  mouth  of  Guayanilla 
Harbor  in  15  feet.  One  colony  was  also  obtained  in  San  Juan  Harbor 
below  San  Antonio  bridge. 

Holosoa  bunata,  new  species 

[Diats^pliai.  bursata  under  proposed  system  of  namina  conservand^] 

Figures  44-47 

The  best-developed  colonies  in  the  collection  exactly  resemble 
ordinary  mushrooms  in  shape,  consisting  of  a  broad  head,  convex  above 
and  slightly  concave  below,  mounted  on  a  thick  pedicel  approximately 
equaling  or  exceeding  the  diameter  of  the  head  in  height.  Size  of  one  of 
the  largest  heads  17  mm.  in  greatest  diameter  and  15  mm.  in  height, 
inclusive  of  the  pedicel,  which  is  not  complete  at  the  base;  the  pedicel 
enlarges  toward  the  top  and  has  an  average  diameter  of  6  to  7  mm. 
Several  of  the  colonies  have  one  or  two  smaller  heads  arising  from  the 
lower  part  of  the  pedicel  where  it  is  more  or  less  expanded  into  a  base  for 
attachment.  Some  of  the  heads  exhibit  the  mushroom  form  only  im- 
perfectly, having  nearly  the  capitate  shape  seen  in  many  other  com- 
pound ascidians  (Fig.  46);  sometimes  this  appears  to  be  due  to  im- 
maturity of  the  colony. 

The  zooids  are  arranged  in  the  central  part  of  the  upper  surface  of 
the  heads  in  several  small,  irregularly  formed  systems;  branches  from 
these  systems  extend  radially  toward  the  margin  of  the  heads.  In  most 
of  the  specimens  the  test  is  of  a  light  yellowish-brown  color  and  rather 
opaque,  the  parts  occupied  by  the  zooids  and  common  cloacal  cavities 
and  canals  showing  darker  brown  in  conspicuous  contrast  to  the  other 
parts  of  the  colony,  but  in  one  lot  of  specimens  (from  Station  2136)  the 
test  is  a  dark  grayish  brown  and  the  systems  are  inconspicuous.  In 
many  places  in  the  test  (both  of  the  heads  and  pedicels)  are  minute  white 
grains  which  appear  to  be  intracellular  deposits.    They  dissolve  in  adds. 

The  zooids  have  a  rather  short  but  wide  thorax,  connected  by  a 
moderately  long  thick  neck  with  the  abdomen;  arising  from  the  latter  is 
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a  pear-sh&ped  or  oval  sac-like  post-abdomen,  containing  the  reproductive 
oi^ns  and  much  resembUng  the  post-abdomen  of  Polydinum.  Appar- 
ently, however,  it  does  not  contain  the  heart.  It  is  connected  with  the 
abdomen  by  a  very  narrow  and  often  considerably  elongated  neck,  which 


44 


Righlnidgoliooid.  X  5S. 


ariseB  from  the  right  posterior  part  of  the  aMouK^n  and  extends  either  in 
nearly  direct  prolongation  of  the  main  axis  of  Ihn  Ixidy  of  the  zooid,  or 
makes  more  or  lees  of  an  angle  with  it.  The  zooids  average  small  in  size; 
even  includioK  the  above-described  iwiich  the  total  length  in  the  some- 
what contracted  pref)erve<l  material  often  does  not  exceed  2  mm. 
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Branchial  aperture  on   a   short  tube;  provided   with  six  well- 
developed  simple  lobes;   atrial  region  of  very  delicate  structure,  the 
apertiu-e  with  a  very  thin  and  easily  torn  margin,  so  that  its  natural 
form  is  very  hard  to  determine  and  is  probably  in  fact  variable  accord- 
ing to  the  relations  of  the  zooid  to  the  conunon  cloacal  cavity  or  canal. 
In  some  zooids  it  appears  to  be  produced  in  a  tubular  form,  in  others 
only  the  anterior  margin  appears  to  be  much  extended,  forming  a  broad 
thin  languet.    The  mantle  is  very  delicate  and  transparent;    on  the 
thorax  on  each  side  there  are  numerous  (over  20)  very  slender  but  well- 
defined  muscle  bands,  quite  regularly  spaced  and  mainly  longitudinal  in 
direction.    There  is  no  distinct  sphincter  about  the  atrial  orifice. 

The  normal  nimiber  of  tentacles  appears  to  be  sixteen,  larger  and 
smaller  alternating,  but  the  small  ones  are  often  wanting  in  some  of  the 
intervals. 

Three  dorsal  languets  are  present,  arising  slightly  to  the  left  of  the 
median  dorsal  vessel. 

The  branchial  sac  has  four  rows  of  stigmata;  there  are,  as  is  char- 
acteristic of  this  genus,  additional  slender  vessels  crossing  all  the  stig- 
mata of  each  row  at  their  middle  point.    They  lie  on  the  internal  aspect 
of  the  sac  and  are  not  always  easy  to  demonstrate.    Fifteen  stigmata  in 
the  anterior  rows  and  thirteen  in  the  last  rows  were  present  on  each  side 
in  one  zooid  in  which  an  exact  count  could  be  made,  some  individuals 
apparently  having  a  few  more  than  this  (at  least  eighteen  in  the  anterior 
rows).    The  loop  formed  by  the  aUmentary  tract  is  not  twisted.   The 
stomach  is  of  the  ovoid  shape  usual  in  this  genus  and  has  about  eighteen 
or  twenty  slightly  irregular  longitudinal  pUcations  which  are  distinct, 
though  not  very  deep.    A  Uttle  way  posterior  to  its  anterior  end  the 
stomach  is  joined  by  the  duct  from  the  tubular  gland  that  surrounds  the 
ascending  branch  of  the  intestine.    This  duct  may  be  expanded  into  a 
fusiform  vesicle  between  the  intestine  and  the  stomach;  the  tubules  of 
the  gland  itself  are  crooked  with  more  or  less  enlarged  tips.    The  in- 
testine often  exhibits  a  more  or  less  distinct  constriction  a  short  distance 
beyond  the  stomach. 

The  post-abdomen  described  above  is  completely  filled  by  the  re- 
productive organs.  There  are  about  six  large  pyriform  testes  situated  in 
a  circular  group  filling  the  proximal  three-fourths  of  the  post-abdomen; 
their  sperm  ducts  arise  from  their  distal  (posterior)  ends  and  immediately 
join  to  form  the  common  duct  which,  passing  forward  beside  the  testes 
and  through  the  neck  into  the  abdomen,  crosses  on  the  right  of  the  pos- 
terior part  of  the  intestinal  loop  and  follows  the  ascending  branch  of  the 
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latter,  l3ring  along  its  right  ventral  aspect.  In  some  individuals  the 
terminal  part  of  the  sperm  duet  (alongside  the  rectum)  is  much  distended 
with  spermatozoa.  The  ovary  consists  of  a  group  of  a  few  eggs  in  differ- 
ent stages  in  the  extreme  end  of  the  post-abdomen.  An  oviduct  accom- 
panying the  sperm  duct  was  not  satisfactorily  demonstrated .  The  reason 
for  this  may,  however,  have  been  the  poor  development  of  the  ovaries, 
which  were  small  and  in  some  individuals  were  not  found  at  all.  The 
male  organs,  on  the  other  hand,  were  well  developed  and  evidently  func- 
tional. Neither  was  an  incubatory  pouch  for  the  development  of  the 
embryos  found  in  the  specimens  studied,  but  it  may  be  developed  at 
certain  stages,  as  in  other  members  of  the  genus. 

The  specimens,  about  ten  in  niunber,  are  from  three  localities,  as 
follows:  Marco,  Florida,  "on  beach,"  collected  by  Henry  Hemphill 
(includes  type);  Key  West,  Florida,  Steamer  Albatross,  April  15-27, 
1884;  and  from  southeast  of  Jamaica  (Station  2136,  Steamer  Albatross, 
17^  43'  40"  N.,  75^  38'  25"  W.,  52  fathoms,  coral  and  broken  shells). 
The  specimens  labeled  "on  beach"  were  very  likely  washed  up  from 
deeper  water.   Type  in  U.  S.  National  Museum. 

It  is  evident  from  the  above  description  that  this  species  differs 
considerably  from  the  typical  members  of  the  genua  HolozoBy  such  as  H, 
bermudensis  just  described,  even  though  we  must  regard  the  post- 
abdomen  of  the  present  species  merely  as  a  diverticulum  of  the  abdomen 
and  not  as  homologous  with  the  post-abdomen  of  the  Synoicidse,  which 
contains,  besides  the  reproductive  organs,  the  heart,  pericardium  and 
epicardiiun.  A  very  similar  species  is  H.  mikropnoa  (Sluiter)  of  the 
Australian  and  Malayan  region  (see  Hartmeyer,  1920,  p.  130).  That 
form  has,  however,  among  other  differences,  only  nine  or  ten  stigmata  in 
a  row  on  each  side  and  appears  to  have  the  sexes  separate,  while  many,  if 
not  all,  individuals  of  the  present  species  are  hermaphroditic. 

Phlxbobramchiata  Lahille 

[  =  Diktyobranchia  Seeliger] 

A  rather  well-defined,  though  heterogeneous,  group  of  simple  and  compound 
ascidians  having  a  system  of  internal  longitudinal  vessels  (though  in  a  few  cases 
these  are  rudimentary  or  lost),  but  no  large  folds  in  the  branchial  sac.  Tentacles 
alwa3r8  simple,  gonads  on  one  side  only,  in  immediate  vicinity  of  digestive  tract. 

DiazonidsD  Garstang,  1891 

A  small  family,  having  the  body  divided,  as  usual  in  compound  forms,  into  thorax 
and  abdomen  and  the  dorsal  lamina  replaced  by  a  row  of  languets,  but  distinguished 
by  possessing  internal  longitudinal  vessels  (usually  well  developed)  and  many  rows  of 
stigmata  in  the  branchial  sac. 
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Rhopalaa  Philippi,  1893 

[  =  RhopaUea+Rhopalopsis  HevdmAiiy  1890] 

The  two  genera  are  united  on  the  pround  that  they  differ  in  ^^ 
essential  character,  except  that  Rhopalxa  is  said  not  to  reproduce  fcy 
budding.  Rhopalopsis  is,  however,  apparently  more  often  found  bc^T^ 
tary  than  compound  and  never  forms  colonies  of  more  than  a  few  slight>ly 
connected  individuals,  while  evidence  that  Rhopalsea  never  buds  is  ve"MTr 
insufficient.  The  genus  is  distinguished  by  the  large,  completely  ^x 
nearly  completely  separated  zooids  and  the  thick,  hard  test. 

RhopalAa  abdomixialiB  (Sluiter),  1898 

Figures  48-51 

1898.     ("iona  ahdominalxH  Sluiter,  M6m.  Soc.  Zool.  France,  XI,  p.  8,  PI.  i,   fig^.  i 8. 

1909-1911.     Ciofia  abdomitialM  Hartmeyer.  Bronn's  *Tier-reich,'  III,  suppl.,     "VP- 
1414,  1630. 

Of  the  few  specimens  of  this  species  that  were  collect-ed,  only  cuddp 
shows  any  evidence  of  budding,  consisting  of  several  small  individL-^uk 
united  by  their  basal  portions  into  an  irregular  group;  the  other  sp^ed- 
mens  each  consist  of  a  single  individual  only. 

Though  the  body  of  the  animal  when  removed  from  the  test  has.     tie 
form  usual  in  compound  ascidians,  consisting  of  a  thoracic  and  an     4i{>. 
dominal  part  united  by  a  constricted  neck,  the  external  form  is  excr^fed- 
ingly  variable  and  usually  quite  irregular,  owing  to  the  great  and  uneveij 
thickness  of  the  test.    The  normal  form  is  evidently  cluhnshaped,  "with 
the  anterior  end  large  and  rounded;  the  posterior  part  ot  the  bodyi 
usually  narrower,  though  irregularities  in  the  thickness  and  outline  of  tite 
test  may  alt^r  these  relations.    The  attachment  is  in  most  cases  by  the 
greater  part  of  one  side,  leaving,  however,  the  anterior  part  of  the  body 
more  or  less  free.    External  length  ot  largest  individual  24  mm.,  greatest 
width  about  10.5  mm.;   when  removed  from  the  test,  the  body  in  its 
somewhat  contracted  state  may  be  only  from  one-half  to  two-thirds  of 
the  external  length. 

Test  free  from  iiicrusting  foreign  matter  and  smooth  externally 
except  for  a  few  slight  wrinkles,  which  are  probably  due  to  shrinkages 
preservation.     It  is  semitransparent,  slightly  cartilaginous  in  characte 
and  not  v(»r>'  tough,  though  a  thin  inner  layer  of  a  much  tougher  co 
sistency  immediately  incloses  the  abdominal  part  of  the  body  of  t 
animal.    The  color  of  the  alcoholic  specimens  is  carmine  pink  or  soi 
what  violet -pink,  shading  toward  a  deep  carmine  on  the  anterior  par 
the  body,  especially  about  the  apertures;  the  color  is  in  part  diffuse 
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e  test,  but  also  largely  due  to  pigment  cells  and  corpuscles  of  a  deep 
rmine  color  in  the  mantle,  in  the  vessels  of  the  branchial  sac,  and  else- 
aere  in  the  tissues  of  the  zooids,  especially  on  the  anterior  part  of  the 
)dy. 

The  apertures  are  on  short,  steut,  anteriorly  directed  tubes*  the 
«ncfaial  is  rather  irregularly  lobed,  the  atrial  has  six  deep  rounded  lobes. 

49 


Figs.  48-51. 

nc-  48.     Outline  of  indiTidiw 
b   tart,  ■howini  muKlfi  bsHla  on  mantle.  X  5.0.     Fig.  50.     Piece  of  the  brinrhial  He,  X  M.     Fit. 

Dowal  tubercle  and  mnt«rior  pari  of  mvliAD  <lar«l  vtfwpl  with  five  of  thvilonalLantueta,  X  50. 


Mantle  thin,  with  little  musculature  except  the  .iphimters  of  the 
Flees  and  about  twenty  distinrt  and  strong  longitudinal  bands  on  each 
^  of  the  thorax ;  toward  their  posterior  ends  these  Itands  curve  toward 
t  median  dorsal  or  ventral  line  (according  to  whether  they  are  nearer 
the  dorsal  or  ventral  aspect),  so  that  thoy  iH-coine  nearly  transverse, 
<J  at  the  same  time  they  divide  intoseveral  narrower,  somewhat  diverg- 
K  bands.  The  abdominal  walls  are  thin  and  without  conspicuou^ 
Aucle  bands. 

Tentacles  rather  tew  in  numlx-r,  thoiigh  several  differeni  sizes  or 
■rders  are  represented. 

Orifice  of  dorsal  tubercle  oval,  lungitudinaljj-  elongate. 

Dorsal  lamina  represented  by  narrow,  triungnliir,  fninsversely  ex- 
unded  languets  arising  directly  from  Ihe  median  dorsal  vessel. 
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Branchial  sac  with  about  forty  rows  of  very  small  and  numerous 
stigmata;  the  rows  are  separated  by  transverse  vessels  bearing  small 
triangular  papillae  which  support  a  well-developed  system  of  internal 
longitudinal  vessels.  These  vessels  connect  with  the  supporting  papiUs 
a  Utile  below  the  tips  of  the  papillse,  so  that  the  tips  project  into  the 
branchial  cavity  a  very  little  beyond  the  level  of  the  internal  longitudinal 
vessels.  There  are  over  forty  of  these  vessels  on  each  side.  With  the 
transverse  vessels  they  form  meshes  which  appear  to  usually  contain 
only  two  stigmata. 

The  intestinal  loop  is  rather  long  and  narrow;  the  stomach  is  oval; 
definite  plications  in  its  wall  were  not  demonstrated. 

The  reproductive  organs  are  situated  beside  the  intestinal  loop  and 
consist  of  a  saccular  ovary  containing  a  large  niunber  of  small  eggs  and  of 
very  numerous,  small,  pear-shaped  testes,  the  conmion  duct  from  which 
accompanies  the  ascending  branch  of  the  intestine. 

The  specmiens  are  from  the  f oUowing  locaUties : 
Station  2413,  Steamer  Albatross,  March  19,  1885,  26"^  N.,  82**  57'  30" 

W.,  24  fathoms,  fine  sand  and  broken  shells.    Three  specimens  (one 

consisting  of  several  zooids;  whether  or  not  the  others  were  part  of 

the  same  colony  is  uncertain). 
Station  2138,  Steamer  Albatross,  February  29,  1884,  17°  44'  05"  N., 

75°  39'  W.,  23  fathoms,  coral  and  broken  shells.     One  individual. 
Station  7511.    Steamer  Fish  Hawk,  off  Cape  Florida,  in  Gulf  Stream, 

2%  miles  SSE.  of  Fowey  Rocks  Light.    Rocky,  45  fathoms.  One 

individual. 

All  the  above  in  the  National  Museum  collection. 

There  does  not  seem  to  be  much  question  that  these  specimens  are  of 
Sluiter's  species  which  clearly  belongs  to  this  group  of  ascidians  and  not 
to  Ciona.  His  type  was  larger  than  any  of  them,  being  35  nmi.  long,  and 
it  lacked  the  pink  or  carmine  coloration  of  the  present  specimens,  but  it 
may  have  become  faded.  It  was  obtained  at  Tortugas  Island  in  45 
meters.  Whether  it  is  a  valid  species  or  identical  with  some  Old  World 
form  seems  open  to  question. 

Phallusiidfld  (proposed  nomen  conservandum  Ascidiidse) 
[  =  Ascidiidae,   s.   Phallusiidae  atict.   omn. -hPerophoridae  Giard,    1872] 

Body  not  divided  into  thorax  and  abdomen.  The  digestive  and  reproductive 
organs  lie  beside  the  branchial  sac  on  the  left  side  of  the  body. 

Branchial  aperture  most  frequently  with  eight  or  seven  lobes,  the  atrial  aperture 
with  six. 

Tentacles  simple  and  filiform. 
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Dorsal  lamina  a  continuous  (often  toothed)  membrane,  or  replaced  by  a  series 
of  languets. 

Branchial  sac  with  internal  longitudinal  vessels  (which  often  bear  papillae),  but 
no  large  folds. 

Reproductive  organs  in,  or  spreading  over  the  surface  of,  the  intestinal  loop. 

For  reasons  for  uniting  the  Phallusiidse  and  Perophorids,  see  p.  292. 
The  question  of  whether  the  family  Cionids  Lahille,  1887,  should  not 
also  be  included  need  not  be  considered  here,  as  it  has  not  yet  been 
proved  to  inhabit  this  region.  Its  typical  genus  CionsL  approaches  the 
Diazonids  in  some  characters,  rather  than  the  Phallusiidse. 

Pkbophoba  Wiegmann,  1835 

Compound  ascidians  with  small  zooids  having  only  four  rows  of  stigmata.  In 
our  species  the  zooids  are  entirely  separate,  connected  only  by  a  branching  stolon. 
Dorsal  lamina  represented  by  languets. 

Perophora  viridis  Verrill,  1871 
Figure  52 

1871.  Perophora  viridia  Verrill,  Amer.  Joum.  Sci.,  (3)  II,  p.  359. 

1872.  Perophora  viridie  Verrill,  Amer.  Joum.  Sci.,  (3)  III,  p.  212. 

1873.  Perophora  viridis  Verrill  and  Smith,  'Rept.  on  Invert.  Animals  of  Vineyard 

Sound,'  pp.  702,  388,  401. 
1879.    Perophora  viridis  Verrill,  'Preliminary  Check-list  of  Marine  Invertebrata,* 

p.  27. 
1889.    Perophora  viridis  MacDonald,  Rep.  U.  S.  Comm.  Fish  and  Fisheries  for  1886, 

p.  858. 
1891.     Perophora  viridis  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  602. 

1897.  Perophora  viridis  Lefevre,  Anat.  Anzeiger,  XIII,  p.  474. 

1898.  Perophora  viridis  Lefevre,  Joum.  Morphology,  XIV,  p.  369. 
1898.     Perophora  species,  Davenport,  Science,  new  series,  VIII,  p.  687. 
1898.    Perophora  viridis  Bumpus,  Science,  new  series,  VIII,  p.  853. 
1900.    Perophora  viridis  Wilson,  Amer.  Naturalist,  XXXIV,  p.  354. 

1900.     Perophora  viridis  Metcalf,  Zool.  Jahrbtlcher,  Anat.,  XIII,  p.  508,  PI.  xxxiv. 

fig.  14  (ganglion,  neural  gland,  etc.). 
1900.    Perophora  viridis  Herdman,  Trans.  Biol.  Soc.  Liverpool,  V.,  pp.  158,  159. 
1902.     Perophora  viridis  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  337,  PI.  xlvii, 

fig.  8. 
1905.     Perophora  viridis  Seeliger,  Bronn's  'Tier-reich,'  III,  suppl.,  p.  981  (budding). 
1909-1911.     Perophora  viridis  Hartmeyer,  Bronn's  'Tier-reich,'  III,  suppl.,  pp.  1410, 

1633. 
1910.     Perophora  viridis  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV,  p.  357, 

text  fig.  3. 
1913.    Perophora  viridis  Miner,  Amer.  Museum  Joum.,  XIII,  p.  91. 
1913.     Perophora  viridis  Sumner,  Osbum  and  Cole,  Bull.  U.  S.  Bureau  of  Fisheries, 

XXXI,  pp.  155,  158-160,  730,  731 ;  chart  193. 
1916.    Perophora  viridis  Pratt,  *  Manual  Common  Invert.  Animals,'  p.  668. 
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The  small  ovoid  bodies  of  the  zooids  of  this  species,  which  measure 
from  2.5  to  3.5  mm.  in  greatest  diameter  (length),  are  home  on  the  tips 
of  the  branches  of  a  slender  stolon  which  grows  like  a  vine  over  shells, 
algse,  other  ascidians,  or  other  submerged  objects  in  shallow  water.  The 
zooids  have  a  thin,  transparent  covering  of  test;  their  tissues  are  usually 
transparent  and  colorless,  except  for  some  yellowish  or  greenish  pigment 


Fig.  52,     Peniphora  viridin  Veirill,  1H71 
I.eri  Bide  r>(  looid.  X  27. 

contained  in  I>r!)nching  vessels  in  the  mantle,  which,  aside  from  the 
sphincters  of  the  apertures,  has  only  a  few  slender  longitudinal  and 
oblique  muscle  bands.    Apertures  with  a  variable  number  of  lobes. 

Tentacles  about  twenty-four,  of  three  sizes  or  orders. 

Three  languets  rcpre-sent  the  dorsal  lamina. 

Branchial  sac  with  four  rows  ol  long  stigmata;  over  twenty  in  a  row 
on  each  side.  Transverse  vessels  provided  with  inwardly  projecting 
papilla  which  support  an  incompletely  developed  system  of  internal 
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longitudinal  vessels.  These  are  separated  by  the  width  of  about  two 
stigmata. 

Digestive  tract  forming  a  fairly  large  loop  lying  beside  the  branchial 
sac  on  the  posterior  part  of  the  left  side  of  the  body,  as  in  most  simple 
ascidians.    Stomach  small,  ellipsoidal. 

Reproductive  glands  lying  in  the  intestinal  loop.  Male  glands'pear- 
shaped  or  cuneate;  arranged  in  a  fan-like  manner  about  the  origin  of 
the  common  sperm  duct  with  which  they  conmiunicate  by  small  in- 
dividual ducts.  Their  number  varies  in  different  individuals;  in  some 
zooids  some  or  most  of  the  individual  glands  are  fused  together  into  a 
large  mass,  though  this  may  be  incompletely  divided  by  clefts  into 
lobes  representing  the  individual  glands.  The  common  sperm  duct 
accompanies  the  rectum.  Ovary  situated  beside  the  origin  of  the  com- 
mon sperm  duct. 

This  animal  is  conunon  on  the  southern  New  England  coast,  at 
Beaufort,  North  Carolina,  and  also  at  Bermuda.  Hartmeyer  (1908) 
reports  a  member  of  this  genus  (presumably  this  species)  at  Tortugas, 
Florida.  At  Porto  Rico  it  was  collected  at  Ponce  along  the  shore  and  off 
Point  Brea  in  9)^  fathoms. 

P.  banyiUensis  Lahille,  1887,  is  a  closely  allied,  if  really  distinct, 
Mediterranean  form. 

BcrmiASciDiA  Herdman,  1880 

Differs  from  Perophora  chiefly  in  the  elongated  hranchial  sac  with  many  rows  of 
stigmata. 

IcteixuutcidU  turbinaU  Herdman,  1880 

Figure  54 

?]S23.    Ascidia  claviformis  Leaueur,  Joum.  Acad.  Nat.  Sci.  Philadelphia,  III,  p.  5, 

PI.  I,  fig.  3. 
1880.    Edeinascidia  turbinata  Herdman,  Proc.  Ro3'al  Soc.  Edinburgh,  X,  p.  724. 
1882.    Edeinascidia  turbinata  (7  part)  Herdman,  'Rept.  Voy.  Challenger,  Zool.,'  VI, 

p.  243,  PI.  XXXVI,  figs.  1-6. 

1886.  Edeinascidia  turbinata  Sluiter.  Natuurk.  Tijdschr.  Nedcrl.  Ind.,  XLV,  pp.  169, 

171. 

1887.  Edeinascidia  turbinata  van  Beneden,  Bull.  Acad.  Roy.  Soc.,  Belgique,    (3) 

XIV,  p.  28. 

1890.  Edeinascidia  turbinata  Herdman,  Trans.  Biol.  Soc.  Liverpool,  V,  pp.  148,  160. 

1891.  Edeinascidia  turbinata  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,    XXIII, 

p.  602. 
1897.    Edeinascidia  turbinata  Lefevre,  Anat.  Anzeiger,    XIII,  p.  474,    figs.    1-6 

G>udding). 
1897.    Edeinascidia  turbinata  Lefevre,  Science,  new  aeries,  V,  p.  43^5. 
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1900.    Edeinascidia  turhinata  Verrill,  Trans.  Ck>nn.  Acad.  Sci.,  X,  p.  588. 

1900.    Edeinascidia  turhinata  Metcalf,   Zool.  JahrbUcher,  Anat.,    XIII,    pp.  50V 

588,  PL  XXXIV,  fig.  12;  PI.  xxxviii,  fig.65. 
1902.    Edeinascidia  turhinata  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  338^S 

PL  XLvii,  figs.  4,  6;  PL  lix,  fig.  116.    (Young  individuals.) 
1906.    Edeinascidia  turhinata  Rennie  and  Wiseman,  Proc.  Zool.  Soc.  London,  p    ^ 

•          905,  PL  Lxv,  fig.  12. 
1909-1911.    Edeinascidia  turhinata  Hartmeyer,  Bronn's  *Tier-reich,'  III,  suppl 

pp.  1412,  1614,  1633. 
1918.    Edeinascidia  turhinata  Michaelsen,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXXA^^^ 

suppl.  2,  pp.  65,  67,  68. 


The  colony  in  this  species  consists  of  a  dense  group  or  cluster 
elongate,  somewhat  club-shaped  zooids,  each  with  its  own  separate  cov^- 
ering  of  test,  which  are  connected  by  their  tapering  bases  with  a  net- 
work of  stolons  that  adheres  to  the  surface  of  the  object  on  which  tfciLC 
colony  grows.    Mangrove  roots  and  turtle  grass  are  among  the   most 
frequent  bearers  of  such  colonies;  in  such  cases  the  colony  generally 
entirely  surrounds  the  root  or  the  grass,  not  infrequently  for  a  length  of 
12  or  15  cm. 

Zooids  ordinarily  about  20  mm.  long  or  less,  but  occasionally  larger. 
They  are  of  oblong  form,  tnmcate  at  the  anterior  end  where  the  two 
apertures  are  situated,  and  rather  abruptly  tapered  at  the  other  end  to  a 
narrow  pedicel  containing  the  vessel  that  connects  the  individual  with 
the  rest  of  the  colony. 

Test  transparent  and  colorless,  thicker  on  the  ends  of  the  body. 
Mantle  and  internal  organs  also  very  transparent,  but  in  the  living  zooids 
and  in  specimens  not  too  long  preserved,  this  shades  into  yellow,  orange, 
or  pinkish  orange  on  the  anterior  part  of  the  body,  the  color  being  lately 
due  to  pigment  in  cells  in  branching  vessels  in  the  mantle.  The  intestinal 
loop  is  colored  yellow  or  orange.  A  large  colony  of  this  species  that  the 
writer  collected  on  mangrove  roots  at  Plantation  Key,  Florida,  had  the 
zooids  almost  entirely  bright  orange  during  life,  but  most  of  this  color 
quickly  faded  out  on  preservation,  remaining  only  on  the  anterior  part 
of  the  body. 

Apertures  on  short  tubes  or  sUght  elevations  which  often  do  not 
project  beyond  the  surface  of  the  thick  layer  of  test  covering  this  end  of 
the  body.  Margin  of  apertures  thin ;  when  expanded  it  varies  from  prac- 
tically plain  to  quite  deeply  and  irregularly  sinuate.  In  contraction  it  is 
always  more  or  less  sinuate.  The  branchial  aperture  is  larger  and  a  little 
farther  forward  than  the  atrial,  though  both  are  usually  directed  straight 
forward. 
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Fig.  6a     Ciawii'U  ohlonga  Uerdniaii,  l««l 

f  aowd  (bmachialMC  contracM;  embrynand  [■rvs'iapcribriiarhUli 

Fig.  .54.     Edeinaacidia  turbinAli  Hrrdman,  IWNI 
Lalt  lidc  o(  looid.  X  7.2. 
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Mantle  musculature  slight.  The  sphincters  of  the  apertures  confist 
of  slender  slightly  separated  bands,  and  numerous  very  narrow  trans- 
verse bands  cross  the  dorsal  region  and  extend  down  the  sides,  but  are 
wanting  on  the  ventral  regions. 

Tentacles  filiform,  quite  niunerous  and  of  three  sizes  in  large  in- 
dividuals,and  arranged  with  considerableregularity.  A  specimen  20  nun. 
long  had  between  thirty  and  forty  tentacles. 

Dorsal  tubercle  elongate  oval. 

Dorsal  lamina  a  continuous  membrane  which  is  extended  into  a  weU- 
developed  languet  at  each  transverse  vessel.  Or  it  may  be  described 
as  a  series  of  languets  connected  by  a  basal  membrane.  It  lies  turned 
over  toward  the  right  side  of  the  body. 

Branchial  sac  long,  barrel-shaped,  with  about  twenty-seven  rows  of 
small  oval  or  elongate  stigmata.  They  are  rather  irregular  in  width  and 
to  some  extent  also  in  length.  There  are  about  sixty  in  a  row.  At  inter- 
vals of  about  three  or  four  stigmata  the  transverse  vessels  bear  small 
papillse  which  support  on  their  tip  a  system  of  exceedingly  slender  yet  in 
most  parts  of  the  sac  completely  developed  internal  longitudinal  vessds. 
The  supporting  papillse  have  their  bases  broad  in  a  direction  parallel  to 
the  transverse  vessels.  Along  the  sides  of  the  endostyle  and  the  median 
dorsal  vessel,  the  first  internal  longitudinal  vessel  may  be  incompletely 
developed,  or  represented  only  by  its  supporting  papillse. 

Stomach  elliptical,  intestinal  loop  open  doraally,  rectum  long  and 
straight,  lying  along  the  dorsal  border  of  the  branchial  sac  on  the  left 
side  and  ending  about  opposite  the  t^nth  row  of  stigmata  from  the 
anterior  end  in  a  sUghtly  lobed  aperture.  Intestinal  gland  well 
developed.  It  encloses  the  ascending  part  of  the  intestinal  loop  for  a 
considerable  distance  and  consists  of  crooked  branching  tubules  endingin 
minute  bulbs.  These  tubules  unite  to  a  number  of  slender  ducts  which 
leave  the  intestine  and  converge  to  form  a  stout  common  duct  that  enters 
the  intestine  just  beyond  the  pylorus,  as  in  Perophora, 

Reproductive  organs  in  the  bend  of  the  intestinal  loop.    The  male 
portion  consists  of  a  C-shaped  or  horseshoe-shaped  group  of  small  oval 
or  lobed  glands  which  lie  more  or  less  concentrically  with  the  curvature 
of  the  intestine.     The  common  sperm  duct  accompanies  the  rectum 
almost  to  the  anus.    The  ovarj*^  consists  of  a  cluster  of  eggs  in  the  bend 
of  the  G-shaped  group  of  testes.    No  oviduct  was  demonstrated. 

Young  zooids  have  the  body  shorter  and  more  oval,  the  apertures 
more  prominent  and  relatively  farther  apart,  and  the  rows  of  stigmata 
less  numerous  than  in  the  adult.  They  much  resemble  individuab^  of 
the  genus  Perophora  in  their  appearance. 
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This  animal  is  common  and  widely  distributed,  and  is  one  of  the 
most  conspicuous  ascidians  of  the  West  Indian  region,  on  account  of  the 
large  size  and  bright  color  of  the  colonies.  It  occurs  in  the  shallowest 
situations;  its  habit  of  growing  on  mangrove  roots  and  turtle  grass  has 
already  been  mentioned. 

It  is  common  at  Bermuda  (the  type  locality);  southern  Florida, 
(Plantation  Key,  Grassy  Key,  very  abundant  also  on  flats  near  Rabbit 
Key,  Bay  of  Florida);  and  in  the  Bahamas  (Andros  Island).  Lefevre 
(1897)  collected  it  at  Jamaica,  the  Steamer  Albatross  at  St.  Thomas 
(shore),  Rennie  and  Wiseman  (1906)  report  specimens  from  the  Cape 
Verde  Islands,  and  examples  from  Alexandria,  Egypt,  are  mentioned  by 
Herdman,  1882,  though  the  last  may  belong  to  another  species  (see 
Michaelsen,  1918,  p.  67).  This  animal  may  be  identical  with  Ascidia 
daviformis  Lesueiu",  1823,  from  St.  Vincent,  but  Hartmeyer,  1912a,  has 
expressed  a  different  opinion,  identifying  (doubtfully)  Clavelina  oblonga 
with  Lesueur's  species.  Herdman  (1906,  p.  299)  gives  the  present  writer 
as  authority  for  the  statement  that  Edeinascidia  thurstoniy  an  Indian 
Ocean  species,  occurs  at  Bermuda.  Professor  Herdman  must  have  had 
the  present  species  (E,  turbinata)  in  mind,  as  no  other  is  known  from 
Bermuda. 

Phallusia  Savigny,  1816 

[^Aacidia  av>ct.  plur.    Proposed  nomen  conservandum,  Ascidia] 

Simple  ascidians,  often  of  large  size,  with  characters  as  given  above  for  the 
family.  Papillse  present  on  internal  longitudinal  vessels.  Dorsal  lamina  a  continu- 
ous (often  more  or  less  toothed)  membrane. 

Phallusia  nigra  Savigny,  1816 

[Ascidia  nigra  under  proposed  system  of  nomina  canservanda] 

Figures  55-58 

1816.    PkaUuna  nigra  Savigny,  '  M^m.  s.  1.  animaux  sans  vertdbres,'  II,  part  1,  p. 

163,  PI.  II,  fig.  2;  PI.  IX,  fig.  1. 
1820.     Phalhma  nigra  Savigny-Oken,  Isis,  p.  803,  figs,  on  Pis.  ix  and  xi. 
1823.    Ascidia  atra  Lesueur,  Joum.  Acad.  Nat.  Sci.  Philadelphia,  III,  part.  1,  p.  2, 

PI.  i;  fig.  2. 
1852-1856.    Phallusia  violacea  Gould,  'U.  S.  Exploring  Exp.,'  XII,  p.  495,  Atlas, 

p.  16,  PI.  ui,  fig.  610. 
1878.    Ascidia  nigra  HeUer,   Sitzungsber.   Akad.    Wiss.    Wien,    math.-nat.    Kl., 

LXXVII,  p.  92. 
1880.    Ascidia  nigra  Herdman,  Proc.  Roy.  Soc.  Edinburgh,  X,  p.  466. 
1882.     PhaUusia    atra   Traustedt,    Vidensk.    Meddcl.    natur.    For.    Kj5benhavn, 

ann.  1881,  pp.  278,  286,  PI.  iv,  fig.  6;  PI.  v,  fig.  17. 
1882.    Ascidia  nigra  Herdman,  *Rept.  Voy.  Challenger,  Zool.,'  VI,  p.  210. 
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1884.    Asddia  nigra  von  Drasche,  Denk.  Akad.  Wise.  Wien,  XLVIII,  p.  383,  PI. 

VIII ;  figs.  5-7. 
1891.    Asddia  aira  Herdman,  Joum.  Linn.  Soc.  2k)ol.,  XXIIIi  p.  592. 

1897.  Asddia  atra  Metcalf,  Zool.  Bulletin,  I,  p.  143,  fig3. 1-4. 

1898.  Asddia  atra  Sluiter,  M^m.  Soc.  Zool.  France,  XI,  p.  7. 
1900.    Asddia  nigra  Verrill,  Trans.  Conn.  Acad.  Sci.,  X,  p.  588. 

1900.    Asddia  aira  Metcalf,  Zool.  Jahrbtlcher,  Anat.,  XIII,  pp.  500,  502,  text  figiB. 

A-D. 
1902.    Asddia  atra  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  398,  PL  Lxni,  figs. 

138, 139. 
1905.    Asddia  nigra -{-A,  ohocki'\-A.  somaliensis  Sluiter,  Bull.  Mus.  Hist.  Nat.  Paris, 

XI,  pp.  100,  101;  1905a,  M6m.  Soc.  Zool.  France,  XVIII,  pp.  6-8,  PI. 

1,  figs.  1-lc,  2-26. 

1908.     ThaUusia  nigra  Hartmeyer,  Year  Book  of  Carnegie  Inst.,  Washington,  No.  6, 

ann.  1907,  p.  111. 
1909-1911.     Phallusiopsis  nigra  Hartmeyer,  Bronn's  *Tier-reich,'  III,  suppl.,  pp. 

1408,  1630,  1632-1634. 

1912.  PhaUusiopsis  nigra  Hartmeyer, '  Deutsch.  Tiefsee-Exp.,'  XVI,  pp.  361, 363. 

1913.  Tunica  nigra  Hilton,  Zool.  JahrbUcher,  Anat.,  XXXVII,  p.  113. 

1916.     PhaUusia  nigra    Hartmeyer,  Sitzungsber.   Gesell.  naturf.   Freunde,  Berlin, 

ann.  1915,  p.  408,  figs.  5-9. 
1916.     Asddia  atra  Hecht,  Joum.  Exper.  Zool.,  XX,  p.  429. 
1916.    Asddia  atra  Pratt,  'Manual  Common  Invert.  Animals,'  p.  667. 
1918.    Asddia  atra  Hecht,  Joum.  Exper.  Zool.,  XXV,  pp.  22^299,  figs.  1-6,  9, 10, 

12;  Amer.  Joum.  Physiol.,  XLV,  pp.  157-187. 

1918.  PhaUusia  nigra  Michaelsen,  Jahrb.  Hamburg.  Wi.<w.  Anst.,  XXXV,  suppl. 

2,  p.  60. 

1919.  PhaUusia  nigra  Michaelsen,  Denk.  Akad.  VViss.  Wien,  XCV,  pt.  10,  p.  113. 

Body  oval  or  somewhat  elongate,  usually  more  or  less  curved  or 
distorted,  broad  and  often  inflated  at  the  posterior  end,  but  tapering 
toward  the  anterior  end  where  the  branchial  aperture  is  situated,  and 
more  or  less  compressed  laterally,  especially  in  the  anterior  part,  or  some- 
times throughout  its  whole  extent.  Atrial  aperture  •usuall}''  on  a  short 
anteriorly  directed  tube  or  prominence,  a  little  way  back  from  the 
anterior  end.  The  whole  anterior  part  of  the  body  is  very  commonly 
curved  dorsally  so  as  to  bring  the  two  apertures  quite  near  together. 
This  seems  to  be  more  or  less  characteristic  of  this  species.  Attachment 
by  an  area  on  the  posterior  or  left  posterior  part  of  the  body,  sometimes 
by  much  of  the  left  side. 

Test  thick  and  firm  but  not  very  tough.    Color  blue-black;  surface 
smooth  and  shiny,  with  the  exception  of  a  few  shallow  furrows.    The 
color,  which  pervades  many  of  the  internal  structures  as  well  as  the  test, 
is  retained  in  preserved  specimens.    Veiy  3'^oung  specimens  are  colorless, 
but  the  dark  pigment  usually  begins  to  appear  when  they  are  still  ver\' 
small. 
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The  lai^est  specimen  in  the  Porto  Rico  collection  measuree  even  in  a 
strongly  curved  condition  95  mm.,  and  45  mm.  in  transverse  (dorso- 
ventral)  diameter.  A  specimen  from  Bermuda  92  mm.  by  47  mm.  is  in 
the  American  Museum,  and  Sluiter  (1S9S)  records  one  1 10  mm.  Ioqk- 

Mantle  dark  colored,  provided  with  many  narrow  loofcitudinal 
muscle  bands  crossed  by  slenderer  and  more  closely  placed  traoBveree  and 
oblique  bands  formii^  a  fine  network.  On  the  right  side  the  muscula- 
ture extends  the  whole  length  of  the  body ;  on  the  left  side  the  muscles 
disappear  on  thereon  covering  the  stomach  and  intestine. 

58 


Figs.  55-68.     PkaUuaia  nigra  Savipiy,  1816 
Pi|.U.     LcItddeotbDilyalilhttyrHiucHl.  Fir*.  Ml  and  AT.     Ddiu]  tubcrDluoI  twDindividiula, 
C    11.    FIc.  A8.    Pmrt  of  bnncbld  He,  X  ^■ 

Tentacles  of  three  or  four  sizes  or  orders,  often  arranged  with  some 
^^gree  of  r^[ularity.  The  number  is  very  variable  (reaching  50  to  90  in 
Airly  large  specimens)  and  depends  lai^ely  on  the  extent  to  which  the 
"Siall  tentacles  are  developed,  these  being  often  almost  or  entirely 
^anting  in  some  parts  of  the  circle. 

The  dorsal  tubercle  was  small  and  simple,  usually  with  a  U-shaped 
or  horseshoe-fihaped  orifice,  having  the  open  interval  directed  forward 
irith  the  horns  more  or  less  incurved,  in  the  Bermuda  and  West  Indian 
specimens  in  which  this  character  was  studied  by  the  writer.  Metcalf 
ff907)  found  numerous  minute  accessory  openings  leading  from,  and 
)ituat«d  along,  the  neural  duct  in  two  large  spcohneiis  from  Jamaica; 
tie  orifice  of  the  dorsal  tubercle  itself  was  of  the  normal  form  in  these 
peciniens.    The  ganglian  and  neural  glands  are  very  far  back  from  the 
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dorsal  tubercle  in  this  species,  and  the  neural  duct  is,  in  consequence, 
very  long. 

Dorsal  lamina  with  transverse  ribs  along  its  left  side  and  with  small 
sharp  serrations  on  its  free  margin.  These  are  best  developed  on  the 
posterior  part. 

Branchial  sac  with  the  minute  undulations  or  plications  characteristic 
of  this  genus  well  developed.  Rather  long,  ciured  papillse  are  borne  on 
the  internal  longitudinal  vessels  at  their  intersections  with  the  traius- 
verse  vessels;  intermediate  papilla  are  not  present.  Transverse  veBBfk 
near  together,  of  several  sizes  or  orders,  arranged  with  a  variable  degree 
of  regularity  in  a  different  individuals.  Stigmata  in  each  mesh  usually 
5  to  10,  depending  on  the  amount  of  plication  which  is  present.  The 
branchial  sac  extends  a  little  way  posterior  to  the  stomach. 

Digestive  tract  rather  large  and  strongly  curved;  stomach  large. 
The  whole  tract  covers  more  than  half  the  area  of  the  left  side. 

Reproductive  organs  only  indistinctly  visible  through  the  mantle 
on  account  of  the  dark  color  of  the  latter.  Some  of  the  convoluted 
branches  of  the  ovary  are  visible  in  the  anteriorly  extending  loop  of  the 
intestine;  the  branching  tubules  of  the  male  gland  ramify  over  the 
visible  parts  of  the  ovary  and  the  portions  of  the  intestines  adjacent  to 
the  ovary  and  proximal  part  of  the  oviduct. 

This  is  one  of  the  largest  and  certainly  the  most  conspicuous  of  the 
simple  ascidians  found  in  West  Indian  waters,  and  is  easily  recopniiable 
by  its  blue-black  color  and  smooth  surface,  which  appears  to  afford  no 
secure  basis  of  attachment  for  other  organisms.  It  is  widely  distributed 
and  common  in  shallow  water,  and  has  been  reported  from  Bermuda, 
Tortugas,  Florida,  Jamaica,  St.  Croix,  St.  Thomas,  St.  Vincent,  Guada- 
loupe,  and  the  east  coast  of  South  America  at  the  mouth  of  the  Amaion, 
and  Rio  Janeiro.  At  Porto  Rico  it  was  found  very  common  in  Guanka 
Harbor  on  piles  and  mangrove  roots.  Several  specimens  were  collected 
by  Mr.  Barnum  Brown  at  Paradones,  near  Cienfuegos,  Cuba,  seme  of 
them  growing  in  a  cluster  with  Pyura  mcmtts  form  pallida.  The  National 
Museum  collection  contains  specimens  f rem  other  Cuban  localities,  from 
Curasao  and  from  off  the  west  coast  of  Florida  (21  fathoms). 

The  identity  of  the  West  Indian  form  with  Savigny 's  Phallitsia  rnqr^ 
from  the  Red  Sea  and  Gulf  of  Oman  (probably  incorrectly  reported  abo 
from  the  Cape  of  Good  Hope  by  Herdman,  1882),  which  was  for  a  long 
time  in  doubt,  has  been  established  by  Hartmeyer  (1909-1911,  p.  1632: 
1916,  p.  413)  by  a  direct  comparison  of  specimens.  Specimens  recently 
received  by  the  American  Museum  from  the  Bay  of  Djibouti  appear  to 
fully  confirm  this  conclusion. 
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The  physiology  of  this  species  is  the  subject  of  recent  important 
papers  by  Hecht  (1916,  1918)  based  on  the  study  of  specimens  at 
Bermuda. 

PhallUBia  hygomiana  Traustedt,  1882 
\A8cidia  hygomiana  under  proposed  system  of  nomina  conservanda] 

Figures  59-61 

?1878.     Ascidia  interrupia  Heller,  Sitzungsber.  Akad.  Wiss.  Wien,  math.-nat.  Kl., 

LXXVII,  p.  89,  PI.  II,  fig.  9. 
1882.     PhaUusisL  hygomiana  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kjobenhavn, 

ann.  1881,  pp.  280,  286,  PI.  iv,  fig.  7;  PI.  v,  fig.  18. 
?1860.     Aacidia  species  Stimpson,  Amer.  Joum.  Sci.,  (2)  XXIX,  p.  443. 
1891.     Ascidia  hygomiana  Herdman,  Journ.  Linn.  Soc.  London,  Zool.,  XXIII,  p. 

594. 
1898.     Ascidia  hygomiana  {f-^-A.  interntpta)  Sluiter,  M^m.  Soc.  Zool.  France,  XI, 

p.  6. 
71900.     Ascidia  species  Wilson,  Amer.  Naturalist,  XXXIV,  p.  354. 
1908.     Ascidia  hygomiana  Hartmeyer,  Year  Book  Carnegie  Inst.,  Washington,  No. 

6,  p.  111. 
1909-1911.     Phallusia  hygomiana  (l-^Ph.  intemipta)  Hartmeyer,  Bronn's  *Tier- 

reich,'  III,  suppl.,  pp.  1402,  1630. 

External  shape  and  appearance  very^  variable;  form  usually  rather 
elongate,  the  branchial  aperture  terminal  on  the  somewhat  narrowed 
anterior  part  of  the  body,  the  atrial  aperture  rather  far  back  (often 
near  the  middle  of  the  dorsal  border)  on  a  short  tube  which  usually 
extends  out  at  a  considerable  angle  from  the  long  axis  of  the  body.  Body 
usually  considerably  compressed  laterally ;  in  the  more  regularly  shaped 
specimens  the  dorsal,  ventral,  and  posterior  borders  are  thick  and 
rounded,  but  the  body  is  very  liable  to  distortion,  or  to  irregular  depres- 
sions, folds,  or  furrows  which  often  greatly  disturb  its  symmetry  and 
baffle  all  attempts  to  give  a  description  which  would  cover  all  the  varia- 
tions. Attachment  usually  by  the  left  ventral  region,  but  individuals 
var>'  greatly  in  this  respect.  Some  of  the  above  irregularities  in  form  and 
point  of  attachment  are  evidently  due  to  the  pressure  of  other  individuals, 
for  the  species  often  grows  in  clumps  or  groups  of  individuals  of  its  own 
or  of  other  species,  but  in  many  cases  they  seem  to  be  merely  manifest a- 
tions  of  individual  variation.  Many  of  the  specimens  from  Fort  Macon, 
North  C'arolina,  are  of  fairly  regular  elliptical  outline,  but  as  a  rule  the 
anterior  part  of  the  body  is  considerably  elongated  and  narrower  than  the 
posterior  half;  this  character  is  still  more  pronounced  on  removing  the 
animal  from  the  test,  as  the  latter  is  proportionally  t  bicker  on  the  anterior 
half  of  the  body. 
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Size  of  the  lai^r  specimenB  usually  from  40  to  50  mm.  long,  uxf  ^ 
from  20  to  25  mm.  in  doreo-ventra!  diameter;  the  amount  of  lateral  com- 
pression is  very  variable.  From  Andros  Island,  Bahamas,  tkre  in 
several  that  are  very  large.  The  three  largest  measure  105  mm,  by  38 
mm.,  106  mm.  by  37  mm.,  and  77  mm.  by  32  mm.,  respectively-  Tbe 
Porto  Rican  specimens  average  small. 


T 


Test  usually  rather  thick  (thinner  in  many  of  the  Porto  Rican  spM- 
mens),  firm,  and  rigid  in  the  alcoholic  material  yet  rather  easily  broken; 
its  outer  surface  often  fairly  even  but  generally  not  shiny,  often  hsTinK> 
slightly  rough,  fibrous  texture.  It  is  often  discolored  by  a  very  tto 
coating  of  fine  mud,  and  in  old  and  large  specimens  it  may  be  somevb** 
incru8t«d  with  calcareous  algie  or  other  foreign  bodies,  but  usually  o** 
to  any  great  extent.  General  color  of  the  test  quite  variable,  nw* 
commonly  a  rather  characteristic  yellowish  gray  or  yellowish  brown,  b"" 
among  the  numerous  specimens  are  a  few  with  a  smoky  bluish  cast  a^'^ 
others  of  a  pinkish  gray.    The  test  has  but  little  transparency;  eveoi" 
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very  young  individuals  it  has  a  cloudy  character;  in  older  ones  usually 
little  or  nothing  can  be  seen  through  it. 

Mantle  musculature  in  most  respects  rather  similar  to  that  of  Ph. 
nigra  but  the  greater  part  of  the  left  side  is  almost  entirely  free  from 
muscles;  a  few  longitudinal  bands  extend  back  a  little  way  from  the 
anterior  end,  though  in  most  individuals  they  do  not  reach  far.  On  the 
right  side  there  are  a  small  number  of  long  longitudinal  bands  and  a  very 
much  larger  number  of  narrow,  irregularly  transverse  or  somewhat 
oblique  bands  forming  an  irregular  network. 

Tentacles  numerous,  apparently  fully  100  in  some  individuals. 
They  are  of  at  least  four  orders  and  often  show  considerable  regularity 
in  their  arrangement. 

Dorsal  tubercle  having  a  horseshoenshaped  orifice  with  the  open  in- 
terval turned  more  or  less  directly  forward,  and  the  horns  incurved. 

Dorsal  lamina  with  transverse  ribs  along  its  left  side;  the  free  edge 
is  rolled  over  to  the  right  and  is  plain  anteriorly  and  denticulate  farther 
back.   It  extends  a  long  distance  past  the  oesophageal  opening. 

Branchial  sac  usually  narrow  and  tapering  in  the  anterior  part.  The 
posterior  part  extends  back  a  coftsiderable  distance  beyond  the  stomach, 
and  is  also  usually  somewhat  narrowed,  its  extreme  posterior  end  being 
usually  truncate  or  extended  into  a  rather  narrow  rounded  apex,  but 
there  is  great  variation  in  its  shape  in  diflferent  individuals.  Intermediate 
papillse  are  wanting,  a  minute  plication  of  the  sac  is  developed  to  an 
extent  very  similar  to  the  condition  in  Ph.  nigra^  and  the  number  of 
stigmata  in  a  mesh  (generally  from  5  to  10,  depending  on  the  amount  of 
plication)  is  about  the  same.  The  transverse  vessels  are  of  several  orders ; 
the  papUlse  at  the  intersections  of  the  transverse  and  internal  longitudinal 
vessels  are,  however,  narrower  and  more  strongly  falciform  than  in  that 
species.  Another  difference  distinguishing  it  from  Ph.  nigra  is  that  the 
alimentary  tract  is  smaller,  covering  in  most  individuals  a  smaller 
proportion  of  the  left  side,  though  the  intestinal  loop  is  bent  a  Uttle  more 
than  in  that  species  and  its  anteriorly  extending  loop  is  opened  out  a  little 
more.  Near  the  end  the  rectum  often  makes  an  abrupt  dorsal  bend, 
conforming  to  the  dorsal  direction  of  the  atrial  tube.  Most  of  the 
Bahaman  specimens  have  the  part  of  the  intestine  between  the  apex  of 
the  anterior  loop  and  the  commencement  of  the  rectum  greatly  distended 
with  mud  into  a  saccular  enlargement.  Stomach  small,  its  wall  with  a 
few  obscure  plications. 

A  part  of  the  ovary  is  visible  in  the  opening  of  the  anteriorly  extend- 
ing loop  of  the  intestine;  in  some  sp)ecimens  a  part  of  it  is  also  visible  in 
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the  other  loop  near  the  bend  where  the  intestine  turns  from  a  posterior 
to  a  dorsal  direction.  The  tubules  of  the  male  glands  randfy  over  most 
of  the  anteriorly  extending  loop  of  the  intestine  and  over  the  proxima] 
half  (or  even  more)  of  the  oviduct,  and  over  the  part  of  the  intestine 
that  the  above  portion  of  the  oviduct  accompanies. 

Small  renal  sacs,  each  containing  a  small  round  brown  concretion 
are  also  abundantly  scattered  in  the  region  between  the  intestine  and 
the  adjacent  body  wall,  but  in  many  specimens  the  small  size  of  the 
concretions  prevents  these  from  being  very  conspicuous. 

This  species  may  be  the  same  as  Heller's  (1878)  Ascidia  interrupU 
from  Jamaica.  If  so,  his  name  has  priority.  Heller's  description  is, 
however,  too  incomplete  for  certain  identification.  There  is  abo  a 
possibility  that  this  species  is  identical  with  Lesueur's  (1823)  incompletely 
described  Ascidia  ovalis,  foimd  on  a  ship's  bottom  at  Philadelphia,  doubt- 
less brought  from  some  other  more  southern  locality. 

The  numerous  specimens  in  the  collections  I  have  studied  show  it  to 
be  a  common  shallow-water  species  in  the  West  Indian  region  from 
North  Carolina  (Fort  Macon  near  Beaufort,  collected  by  Dr.  H.  C. 
Yarrow,  specimens  in  Yale  University  Museum)  to  Cuba  (Cienfuegos, 
Cabafias),  the  Bahamas  (Andros  Island),  and  St.  Thomas  (on  piles). 
It  was  obtained  in  great  abundance  on  the  piles  and  stringpieces  of  the 
wharves  in  Guanica  Harbor,  Porto  Rico,  by  the  American  Museum 
expeditions.  Most  of  the  specimens  were  growing  in  densely  crowded 
clumps  and  clusters  containing  several  other  kinds  of  ascidians,  mussels, 
worm  tubes,  etc.,  besides  numbers  of  its  own  species,  and  the  individuals 
were  much  compressed  and  distorted,  owing  to  this  crowding  and  pres- 
sure. Records  for  it  from  the  Florida  coast  include  Key  West  (collected 
by  Prof.  A.  S.  Packard,  Yale  University  Museum)  and  Cedar  Kejrs  (U. 
S.  National  Museum).  There  are  no  records  from  Bermuda.  There  is 
not  any  reason  to  suppose  any  of  the  above  specimens  were  from  water 
more  than  a  few  feet  in  depth. 

Phallugia  sydneiengis  (Stimpson),  1855 

[Ascidia  sydneiensis  under  proposed  system  of  nomina  conservanda] 

Figures  62-65 

1855.     Ascidi^  sydneiensis  Stimpson,  Proc.  Arad.  Sci.  Philadelphia,  VII,  p.  387. 
187S.     Ascidia  canalicuWa  Heller,  Sitzungsber.  Akad.  Wiss.  Wien,  math.-nat.  Kl., 

LXXVII,  p.  84,  PI.  I,  fig.  1. 
1882.     Phallmia  longituhvi  Traustedt,   Vidensk.  Meddel.  natur.  For.  Kj6l)enhavTi, 

ann.  1882,  pp.  283, 286,  PI.  iv,  figs.  11, 12;  PI. v, figs. 20-22. 
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1885.     PhaUusia  longilubis  Traustedti  Vidensk.  Meddel.  natur.  For.  Kjdbenhavn,  ann. 

1884,  p.  16. 
1891.     Ascidia  Umgitubis+A.   canaliculata-^-A.  sydneiensis  Herdman,  Joiim.   Linn. 

Soc.  London,  Zool.,  XXIII,  pp.  593-595. 
1894.     PhaUu9ia  Umgituhis  Traustedt  and  Weltner,  Arch.  f.  Naturgesch.,  LX,  p.  10. 

1898.  Ascidia  Umgitubis  Sluiter,  M6m.  Soc.  Zool.  France,  XI,  p.  8,  PI.  i,  figs.  1,  2. 

1899.  Ascidia  sydneiensis  Herdman,  'Descr.  Cat.  Timicata  Australian  Mus.,'  p.  15. 
1909-1911.     Phallusia  longUubis+Ph.  canaliculata+Ph.    sydneiensis^    Hartmeyer, 

Bronn's  'Tier-reich,'  III,  suppl.,  pp.  1402, 1630,  etc. 
1911.     Phallusia  canaliculata   (part)   Hartmeyer,    'Deutsch.    Sudpol.-Exp.,'    XII, 
p.  576. 

1918.  Ascidia  canaliculata  Michaelsen,  Jahrbuch  Wiss.  Anst.,  Hamburg,  XXXV, 

suppl.  2,  p.  59. 

1919.  Ascidia  sydneiensis  (part)  Hartmeyer,  Kungl.  Svensk.  Vetensk.  Akad.  Handl., 

LX,  No.  4,  p.  98. 
1921.    Ascidia  canaUculata  Michaelsen,  Arkiv  for  Zoologi,  XIII,  No.  23,  p.  5. 

The  body  is  moderately  elongate  (this  being  in  part  due  to  the  large 
and  long  branchial  tube  into  which  the  anterior  end  tapers)  and  moder- 
ately compressed;  the  posterior  end  broad  and  rather  truncate,  or 
slightly  rounded.  The  atrial  tube  is  well  developed,  situated  far  back, 
and  is  often  directed  obliquely  backward  or  bent  in  that  direction. 
Attachment  by  a  considerable  part  of  the  left  side.  Branchial  aperture 
with  seven  or  eight  lobes,  the  atrial  with  six  lobes.  Test  colorless  and 
quite  transparent,  of  rather  firm  rigid  consistency  (in  alcoholic  specimens 
at  least)  and  in  the  specimens  at  hand  it  is  quite  smooth  externally  and 
free  from  incrusting  foreign  matter.  Size  of  largest  individual  (from 
Cabafias,  Cuba) :  total  length,  53  mm. ;  dorso-ventral  diameter,  27  mm. ; 
thickness,  12  mm. 

The  species  is  most  readily  recognized  by  the  characteristic  muscula- 
ture of  the  mantle.  The  large  branchial  and  atrial  tubes  have  conspicu- 
ous and  numerous  circular  muscle  bands  and  a  few  longitudinal  ones. 
Longitudinal  muscles  are  insignificant  elsewhere  on  the  body.  The  whole 
left  side  is  nearly  free  from  muscles,  the  mantle  being  thin,  colorless 
and  transparent.  The  greater  part  of  the  right  side  is  in  the  same  condi- 
tion, but  all  around  the  dorsal,  ventral,  and  posterior  margins  of  the 
right  side  there  is  a  wide  border  of  short  stout  muscle  bands  extending 
inward  from  the  margin  for  a  varying  distance.  They  he  for  the  most 
part  parallel  to  each  other  and  at  right  angles  to  the  margin,  but  curve 
and  cross  each  other  irregularly  to  a  slight  extent. 

The  following  notes  on  the  internal  structure  are  based  on  the  larger 
of  the  two  Porto  Rican  specimens  (see  below) ;  they  agree  sufficiently 
well  with  Traustedt 's  description. 
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Tentacles  numerous,  probably  60-70,  of  several  sizes. 

Dorsal  tubercle  heart-shaped,  long  and  very  narrow,  open  interv&l 
forward,  horns  inrolled. 

Dorsal  lamina  with  a  nearly  plain  edge  roUed  over  toward  the  right 
side.  (Sluiter,  1898,  mentions  and  figures  a  few  denticulations  on  the 
posterior  part.) 

Branchial  sac  not  extended  much  beyond  the  digestive  tract 
posteriorly,  its  anterior  part  narrow,  the  posterior  part  broad.  Trans- 
verse  vessels  of  at  least  three  or  four  orders,  but  even  the  smallest  are 
fairly  stout.    None  of  them  take  any  part  in  the  minute  plication  of  the 


Fi(5B.  62-65.     PhaUu3ia  sydneUnsis  (StimpBOD),  1855 
FiE.e2.     Lcltsidsolbodv,  Xl.S.    Pires.     Domi  tubercle.  X  12.     Fi«.  64.     Riibtodaoltiodj 
ihowingurmDceiDenlof  muaclointtaenuntle,  X  I.fl-    Fif.  63.     Part  of  bnuichiiJ  hc.  X  42. 

sac  which  is  characteristic  of  the  genus.     This  plication,  therefore, 
assumes  the  appearance  (when  seen  from  the  interior  of  the  sac)  of 
numerous  small  deep  oblong  pits  or  depressions  instead  of  a  series  of 
ridges  and  furrows.    Internal  longitudinal  vessels  regular  and  complete 
but  very  delicate.     At  their  intersections  with  the  transverse  vessels 
they  bear  small,  narrow,  much  bent  or  hooked  papillie.    Intermediate 
papillEe  (between  transverse  vessels)  are  wanting.    The  internal  lot^- 
tudinal  vessels  are  separated  by  an  interval  equal  in  width  to  four  or 
five  stigmata  in  most  places;   the  intervening  nimiber  of  stigmata  is, 
however,  actually  greater,  owing  to  the  minute  plication  above  men- 
tioned, but  it  is  difficult  to  determine  exactly. 
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Digestive  tract  fairly  large,  covering  most  of  the  posterior  half  of 
the  left  side.  Slomach  rather  small,  its  wall  apparently  somewhat 
plicated  longitudinally.  Intestinal  loop  large  but  strongly  convoluted 
into  a  compact  mass  so  that  the  parts  overlap  each  other  more  or  less. 
This  is  quite  different  from  the  condition  in  Ph,  nigra  and  Ph,  hygomiana. 

Reproductive  organs  almost  entirely  concealed  by  the  intestine  when 
viewed  from  the  left  side.  Some  of  the  ramifications  of  the  testes  appear 
upon  its  surface  from  between  the  coils.  Of  the  female  organs  only  the 
oviduct  can  be  seen;  it  accompanies  the  rectum  in  the  usual  manner. 

This  is  one  of  the  rarer  ascidians  of  the  West  Indies  and  but  four 
specimens  have  been  available  for  study;  two  small  ones  dredged  by  the 
American  Museiun  expedition  in  Guanica  Harbor,  Porto  Rico,  10  to  25 
feet,  mud,  and  in  Condado  Bay,  San  Juan,  Porto  Rico,  16  to  22  feet, 
sand  and  mud;  a  large  one  (see  above)  from  Cabafias,  Cuba,  and  one 
found  on  piles  at  St.  Thomas,  the  two  latter  in  the  National  Museum 
collection. 

Traustedt  described  this  species  from  St.  Thomas  and  Crab  Island. 
He  reports  it  also  (1885)  from  Japan.  Sluiter  (1898)  records  it  from 
Santa  Marta,  Colombia;  Traustedt  and  Weltner  (1894)  report  it  from 
Zanzibar.  In  more  recent  works  (1911,  1919)  Hartmeyer  identifies 
Traustedt's  species  with  a  widely  distributed  Pacific  and  Indian  Ocean 
form  that  has  received  several  different  specific  names,  Ph.  sydneiensis 
(Stimpson),  1855,  having  the  priority  and  Ph.  canaliculata  (Heller), 
1878,  being  also  one  of  its  synon3ans.  Traustedt's  identification  of 
specimens  from  Japan  and  Zanzibar  with  his  West  Indian  species  sup- 
ports this  view,  which  is  here  adopted,  although  I  have  not  myself  had 
any  opportimity  of  comparing  West  Indian  and  Old  World  specimens. 


PhalluflU  currato  Traustedt,  1882 

[Ascidia  curvata  under  proposed  system  of  ncmina  conservanda] 

Figures  66-^ 

1882.     Phallusia  cwrvata  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kjol)eDhayn,  aim. 

1881,  pp.  281,  286,  PI.  iv,  figs.  8-10;  PI.  v,  fig.  19. 
1801.    Atddia  curvata  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIIl,  p.  592. 
1898.    Atcidia  curvata  Sluiter,  M^m.  Soc.  2iOol.  France,  XI,  p.  6. 
1902.    Ascidia  curvata  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  400,   PI.  lvi, 

figs.  80-82;  PI.  Lxiii,  figs.  145, 146. 
1908.     Ancidia  curvata  Hartmeyer,  Year  Book  Carnegie  Inst.,  Washington,  No.  6, 

p.  111. 
1909-1911.    Phalluaia  curvata  Hartmeyer,  Bronn's  'Tier-reich,'  III,  suppl.,  pp.  1401, 

1633. 
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The  following  descriptioD  is  based  chiefly  on  BpeciineDS  coUected  ^y 
the  writer  at  Bermuda. 

Body  long  and  narrow,  tapering  to  the  branchial  apertiire  at  't-BS 
anterior  end  and  more  or  less  truncate  at  the  posterior  end;  usu&Uy 
attached  by  a  large  part  of  the  left  side,  the  tubes  being  turned  more  or 
less  to  the  right  or  exposed  side.  Atrial  tube  far  back,  often  beyond  the 
middle  of  the  body,  usually  rather  short.  Test  very  thin  on  attached  side, 
thicker  on  the  other,  pale  gray  or  colorless,  and  sometimes  very  trans- 
parent; markings  of  light  orange-brown  about  the  apertures  are  present 
in  many  Uving  specimens.  Some  individuals  have  the  external  surface 
smooth  and  clean ;  others  are  wrinkled,  or  more  or  less  completely  cov- 


lib 


\ 


ered  with  small  shell  fragments  rather  loosely  adherent  or  slightly  im*^*^ 
bedded.  ^. 

Mantle  delicate  and  transparent.  The  sphincters  of  the  tubes  con.*^  |a 
sist  of  a  number  of  slender  circular  bands  separated  by  shght  intervals*"^^^ 
and  crossed  by  some  narrow  longitudinal  bands,  which  do  not  howevec^^  ^ 
extend  much  onto  the  sides  of  the  body.  Body  musculature  weak  aacF  *^Lg[ 
mainly  confined  to  the  right  side,  where  it  consists  of  a  dehcate  and  rathe: ^^  i^ 
open  network  of  transverse  and  oblique  fibers  or  very  narrow  band*.*"-* 
crossing  each  other  at  various  acute  angles.  These  muscles  have  ratbe=^^  . 
crooked  coursos.     The  network  is  rather  denser  along  the  dorsal  an^^"^ 
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ventral  regions,  owing  to  the  somewhat  stouter  and  more  numerous  trans- 
verse bands  present  there,  but  these  do  not  encroach  much  if  at  all  upon 
the  left  side  of  the  body.  Apertures  prominently  lobed.  Length  of 
largest  specimen  50  mm. 

Tentacles  only  moderately  numerous;  of  several  sizes  arranged  with 
some  regularity  according  to  the  usual  scheme.  Dorsal  tubercle  simple, 
U-shaped  or  horseshoe-shaped  with  the  open  interval  forward  in  the 
specimens  studied. 

Dorsal  lamina  ^th  a  toothed  margin  and  conspicuous  transverse 
membranes  along  its  sides. 

Branchial  sac  of  a  simple  type,  the  small  plications  or  areolations 
conspicuous  in  many  allied  species  being  comparatively  little  developed 
in  this  form,  though  not  altogether  wanting.  Transverse  vessels  of 
several  sizes.  Internal  longitudinal  vessels  slender  and  separated  in  most 
places  by  only  three  or  four,  seldom  five,  stigmata.  They  bear  rather 
long  curved  papillse  at  their  crossings  with  the  transverse  vessels.  No 
intermediate  papillse.  The  branchial  sac  extends  a  varying  distance 
posterior  to  the  stomach  in  different  specimens. 

Alimentary  loop  proportionately  rather  small,  and  considerably 
bent,  forming  a  fairly  compact  mass  chiefly  or  entirely  in  the  posterior 
half  of  the  body.    Stomach  small  with  a  few  longitudinal  plications. 

The  reproductive  organs,  both  male  and  female,  he  between  the 
branchial  sac  and  the  alimentary  tract,  mostly  concealed  by  the  latter, 
but  visible  in  one  of  the  best  preserved  specimens  along  the  anterior 
edge  of  the  anterior  loop  of  the  intestine  as  well  as  between  the  branches 
of  the  loops  formed  by  the  latter.  The  male  glands  did  not  appear  to 
spread  over  the  surface  of  the  intestine  next  to  the  branchial  sac  to  any 
considerable  extent  in  the  specimens  studied. 

This  species  was  described  by  Traustedt  from  St.  Thomas.  I  found 
it  one  of  the  commonest  simple  ascidians  at  Bermuda  in  shallow  water 
along  the  shore,  attached  to  stones,  shells,  etc.  Hartmeyer  (1908) 
reports  it  from  Tortugas,  but  I  have  no  other  records  from  Florida. 
The  American  Museum  collection  contains  a  specimen  from  rocks  in 
San  Juan  Harbor,  Porto  Rico. 

[Note. — AscidieUa  styeloides  (Traustedt),  1882,  p.  277,  PI.  iv, 
fig.  5;  PI.  V,  fig.  16,  from  St.  Croix  and  St.  Thomas,  W.  I.,  represents 
another  genus  of  this  family.   See  p.  483.] 
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RhodosomatidsB  Hartmeyer,  1908 

A  small  but  widely  distributed  and  varied  family  of  simple  ascidians,  character- 
ized (in  many  cases  at  least)  by  the  course  of  the  intestine,  which  bends  ventrally 
after  leaving  the  stomach,  instead  of  dorsally  as  in  most  ascidians,  thus  coming  to 
lie  more  or  less  on  the  right  side  of  the  body  beside  the  branchial  sac.  Internal 
longitudinal  vessels  commonly  pre^sent,  though  sometimes  rudimentary  or  lost;  no 
large  folds  in  the  branchial  sac. 

Bhodosoma  Ehrenberg,  1828 

Anterior  of  the  body  modified  into  a  valve  or  cover  which  can  close  upon  and 
protect  the  apertures,     btigmata  straight. 

BhodoBoma  pellucidum  (Stimpson),  1855 

Figures  69  and  70 

1855.     Schizascus  pellucidvs+S.  papiUosus  Stimpson,  Proc.  Philadelphia  Acad.  Sci-) 

VIII,  p.  377. 
1878.     Rhodosoma  seminudum  Heller,  Sitzungsber.  Akad.  Wiss.  Wien,    math.-na^^* 

Kl.,  LXXVII,  p.  91 ,  PI.  I,  fig.  6. 
1882.     Rhodosoma  pyxis   Traustedt,  Vidensk.    Meddel.  natur.    For.    Kj6benhavr»^» 

ann.  1881,  pp.  274, 285;  PI.  iv,  fig.  4;  PI.  v,  figs.  15a,  156. 
1885.     Rhodosoma  papillosum  Traustedt,  Vidensk.    Meddel.   natur.  For.    Kjdbei 

havn,  ann.  1884,  p.  9. 
1891 .     Rhodosoma  pyxis  +  R-  seminudum  -f-  R.  papillosum-  +  R.  pellucidum 

man,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  598. 
1898.     Rhodosoma  seminudum  Sluiter,  M6m.  Soc.  Zool.  France,  XI,  p.  10. 
1901.     Rhodosoma  seminudum  -f  R.  papillosum  +  R.  pellucidum  Hartmeyer,  Arch.f 

Naturgesch.,  suppl.,  XLVII,  pp.  151,  158, 161 ;  PI.  iv,  figs.  2,  7,  9-11. 
1904.     Rhodosoma  seminudum  Sluiter,  'Siboga-Exped.,'  LVIa,  p    26,  PI.  i,  fig.  2? 

PI.  IV,  figs.  4-6. 
1906.     Rhodosoma  seminudum  Hartmeyer,  Zool.  Anzeiger,  XXXI,  p.  25. 

1906.  Rhodoso7fia  seminudum  Herdman,  Kept.   Ceylon   Pearl    Oyster    Fisheries^ 

No.  39,  suppl.,   p.  302.  * 

1907.  [Rhodosoma]  papillosum  Seeliger,  Bronn's  *Tier-reich,'  III,  suppl.,  p.  1077. 
1909-1911.  Rhodosoma  seminudum  -f  R.  papillosum  +  R-  pellucidum  Hartmeyer^ 

Bronn's  'Tier-reich,'  III,  suppl.,  pp.  1390,  1630,  1624,  1645. 

1918.  Rhodosoma  papillosum  -f  R.  pellucidum  Van  Name,  Bull.  IT.  S.  Nat.  Museum^ 

No.  100, 1,  p.  113,  figs.  68-71. 

1919.  Rhodosoma  papillosum  Hartmeyer,  Kungl.  Svensk.  Vetensk.  Akad.  Handl., 

LX,  No.  4,  p.  95. 

The  following  desoription  was  prepared  from  a  moderately  large* 
West  Indian  specimen. 

Body  oblong,  not  much  compressed  laterally,  tapering  toward  the 
posterior  end  and  attached  to  a  shell  by  an  area  on  the  posterior  part 
of  the  right  side.    Anterior  end  of  body  obliquely  truncated.    Just  be- 
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hind  the  anterior  margin  a  deep,  obliquely  transverse  cleft  partially 
separates  the  anterior  wall  of  the  body,  which  thus  forms  a  hinged  lid  or 
cover,  BO  that  the  two  edges  of  the  cleft  may  be  brouRht  together  or 
separated.  In  this  cleft  the  two  apertures  are  situated  near  together, 
but  the  branchial  a  little  nearer  the  anterior  end  than  the  atrial.  The 
former  has  about  eight  obscurely  defined  lobes,  and  is  somewhat  more 
prominent  than  the  atrial,  which  has  but  six  lobes.  Test  rather  trans- 
parent, nearly  colorless,  as  usual  in  preserved  specimens;  free  from 
foreign  matter  and  smooth  externally,  except  for  numerous  minute 
conical  points  or  projections  arising  from  the  surface  on  tie  anterior  end 
of  the  body  and  in  the  vicinity  of  the  above-mentioned  cleft.  (Occa- 
aonally  the  surface  is  incrusted  with  foreign  matter,  or  overgrown  with 
other  organisms.)  Test  not  verj-  thick,  but  firm  and  rigid,  particularly 


Fiffi.  69  and  70.     fikodoxoma  peUuddam  (Ktimi>8an),  1855 
ril.N.     LdtandriahtudHof  thtbody.  X  2.     Fit.  TO.     Pari  of  bnnrhisl  asr,  X  38. 


tl*^  portion  constituting  the  lid  and  the  margins  of  the  cleft  (which  are 
*'**"iewhat  thickened) ;  the  part  lining  the  cleft  is  softer  and  quite  flexible, 
P^**'iiitting  the  lid  to  close  tightly  and  entirely  conceal  the  apertures. 
^'^*  30  mm.  long  by  18  mm.  wide  (near  the  anterior  end).  The  species 
*tt^iijiB_  however,  a  length  of  50  mm.  or  more. 

Mantle  thin  and  almost  devoid  of  muscles  on  most  parts,  except  in 
.  ^  A^icinity  of  the  tubes  and  in  the  portion  of  the  body  which  serves  as  a 
^R^  for  the  lid.  Here,  ateachendof  the  hinge,  is  a  group  of  very  short, 
**^1<:  bands  by  which  the  lid  is  moved  and  held  closed.       f- 

The  tentacles  and  dorsal  tubercle  were  dami^ced  in  dwsetting  out 
iWc!  txtiimal.  According  to  Traustedt  (1882)  there  are  about  50  tentacles 
**'  *^i-ee  sizes,  and  the  dorsal  tubercle  is  horseshoe-shaped. 
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Dorsal  lamina  replaced  by  a  series  of  rather  long,  narrow,  triangular 
languets  corresponding  in  number  to  the  transverse  vessels. 

Branchial  sac  without  folds  or  minute  plications.   Transverse  vessds 
very  numerous,  alternately  larger  and  smaller,  but  these  are  not  greatly 
different  in  size  in  most  parts  of  the  sac.   They  bear  at  intervals  equal  to 
about  four  or  five  stigmata  rather  broad  but  thin  triangular  supporting 
papillae  which  sustain  a  S3rstem  of  slender  internal  longitudinal  vessels, 
the  latter  connecting  with  the  papillse  not  quite  at  their  tips,  thus  leaving 
the  extreme  ends  of  the  papillse  to  project  slightly  beyond  the  internal 
longitudinal  vessels.   A  narrow  membrane  connects  the  bases  of  adjacent 
papillse  arising  from  the  same  transverse  vessel;   indeed,  the  papillae 
might  be  described  as  large  serrations  or  triangular  projections  of  the 
border  of  such  a  membrane.    The  system  of  internal  longitudinal  vessek 
is  imperfectly  developed  and  interrupted  between  the  supporting  papills 
in  many  parts  of  the  sac,  rudiments  of  the  vessels  being  usually  present 
as  blindly  ending  lateral  branches  of  the  papillse. 

Alimentary  tract  forming  a  large  oblong  loop  on  the  right  side  of  the 
body.  As  is  the  rule  in  this  family,  the  intestine  passes  the  stomach  on 
the  ventral,  instead  of  the  dorsal,  side  of  the  latter.  Stomach  smaD, 
oblong,  with  about  twenty  longitudinal  folds  and  a  well-marked  typiio- 
sole,  which  can  also  be  traced  throughout  much  of  the  digestive  tract. 
Intestine  slender;  rectum  long  and  straight;  its  aperture  distinctly 
lobed.  The  intestinal  gland  surrounds  the  duodenal  part  of  the  intestine 
for  a  short  distance  a  little  way  beyond  the  stomach ;  its  tubules  are  veiy 
minute  and  end  in  small  bulbs. 

Ovary  of  branching  form  situated  in  the  intestinal  loop  anterior  to 
the  stomach.  Its  duct  can  be  traced  along  the  distal  part  of  the  intestine. 
Testis  an  extensive  ramifying  organ,  spreading  over  the  part  ot  the 
intestine  lying  anterior  and  ventral  to  the  stomach  on  the  side  of  the 
intestine  next  to  the  mantle.  Its  minute  branches  end  in  small  wedge- 
shaped  or  pear-shaped  glands  similar  to  those  occurring  in  the  genus 
Phalluma. 

Having  examined  a  number  of  specimens  of  each,  I  can  find  no  suffi- 
cient characters  upon  which  to  maintain  the  West  Indian  form  distinct 
from  Stimpson's  species,  which  is  widely  distributed  in  the  Malay  Repon 
and  western  Pacific.  Stimpson  (1855)  described  two  species,  peUucidum 
and  papillosuniy  from  Chinese  waters,  but,  as  there  is  every  reason  to 
believe  them  identical,  I  employ  the  name  that  has  page  precedence. 

In  the  West  Indies  it  is  imconmion,  and  only  single  individuals, 
not  groups  or  clusters,  are  generally  found.    Heller's  type  was  from 
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Jamaica  (found  with  Phallusia  nigra),  Traustedt  had  specimens  from 
St.  Croix  and  St.  Thomas.  One  specimen  from  Porto  Rico  (Condado 
Bay,  San  Juan  Harbor,  16  to  22  feet,  sand  and  mud)  is  in  the  American 
Museum  collection.  The  National  Museum  collection  has  specimens 
from  St.  Thomas  (piles  near  the  town) ;  from  Jamaica;  and  from  Station 
2406,  Steamer  Albatross,  off  the  west  coast  of  Florida  (28°46'N.,  84'' 49' 
W.,  26  fathoms,  coarse  sand  and  coral). 

CoBSLLA  Alder  and  Hancock,  1870 
No  valve  or  cover  for  the  apertures.     Stigmata  arranged  in  small  spirals. 

Corella  minuta  Traustedt,  1882 

Figures  71  and  72 

1882.    CoreUa  minute  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kjdbenhavn,  ann. 

1881,  p.  271, 285,  PI.  iv,  fig.  1. 
1891.     CorelU  minvU  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  588. 
1909.    Corella  minuta  Hartmeyer,  Bronn's  'Tier-reich,'  III,  suppl.,  pp.  1393,  1630. 

Owing  to  the  poor  condition  of  the  material  only  an  incomplete  and 
imsatisfactory  description  can  be  given  of  this  species.  It  is  of  very 
delicate  structure,  with  a  soft  and  flexible  test  which  collapses  to  a  shape- 
less sac  in  preservation.  The  mantle  and  internal  parts,  moreover,  shrink 
away  to  a  small  mass  occupying  only  a  fraction  of  the  space  within  the 
test,  from  the  inner  wall  of  which  they  become  entirely  detached.  These 
difficulties  make  the  original  appearance  and  the  correct  relation  of  some 
of  the  parts  hard  to  determine  but,  judging  from  the  material  at  hand, 
the  normal  form  of  the  body  is  ovate  or  oblong,  obliquely  attached  by  a 
considerable  area  on  the  posterior  part  of  the  left  side,  and  more  or  less 
produced  at  the  anterior  end  into  a  tube  or  siphon  bearing  the  branchial 
aperture  at  its  end.  The  atrial  aperture  is  dorsal,  little  if  at  all  produced. 
Both  apertures  are  rather  long,  oval  openings,  with  the  margin  scalloped 
or  lobed,  but  so  obscurely  that  the  lobes  are  difficult  to  count. 

Test  thin,  flexible,  whitish  and  somewhat  transparent,  its  surface 
smooth  and  clean  except  for  numerous  wrinkles  and  folds,  many  of  which, 
however,  are  probably  caused  by  shrinking  and  are  not  present  during 
life.  Size  of  largest  specimen  28  mm.  long  by  18  mm.  in  greatest  dorso- 
ventral  diameter. 

Mantle  very  thin  and  transparent,  practically  free  from  muscles. 

Tentacles  long  and  slender,  their  number  was  not  determined. 
(Traustedt  gives  26  as  the  number  in  the  type.) 

Dorsal  tubercle  small,  its  aperture  of  simple  form. 

Dorsal  lamina  represented  by  a  series  of  large  and  rather  long  and 
narrow  languets. 
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Branchial  sac  divided  into  small  square  meshes  by  transverse  and 
longitudinal  vessels.  In  each  mesh  there  is  normally  a  slender  spiral 
vessel  making  usually  from  2  to  4  complete  turns.  These  spirals  arise 
from  every  alternate  transverse  vessel.  Those  which  arise  opposite  each 
other  (extending  out  from  opposite  sides  of  the  same  transverse  vessel) 


coil  in  opposite  directions.  These  spiral  vessels  are  not  usually  raised 
into  conspicuously  conical  infundibula,  but  are  Renerally  nearly  flat- 
By  means  of  these  spiral  vessels  and  a  few  irregularly  distributed  radial 
vessels,  the  square  meshes  arc  subdivided.  In  addition  to  the  above 
vessels  there  is  a  system  of  slender  internal  longitudinal  veaseb,  raised 
on  high,  tapering  supporting  papillfe  which  arise  from  the  transverse 
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ssels  at  their  junctions  with  the  external  longitudinal  vessels.  These 
bernal  longitudinal  vessels  are  smooth,  without  projecting  papillse. 
the  present  specimens  they  appear  to  be  complete  and  uninterrupted 
most  parts  of  the  sac. 

The  alimentary  tract  lies  chiefly  on  the  right  and  posterior  aspect  of 
e  body  (the  rectum  extends  forward  on  the  dorsal  aspect,  or  a  little  on 
le  left  side).  The  oesophagus  is  long  and  curved  and  opens  into  the 
ral  stomach  whose  wall  has  a  few  deep  plications.  Extending  forward 
om  the  stomach,  the  intestine  curves  ventrally  instead  of  dorsally  as 
I  most  ascidians,  thus  passing  the  stomach  on  the  ventral  and  posterior 
de,  where  it  curves  forward  to  form  the  rather  long  rectum  whose  aper- 
ire  has  a  reflexed  and  distinctly  lobed  margin. 

The  ovary  forms  a  broad,  flattened  layer  composed  actually  of  thick 
•anching  lobes,  but  these  divisions  are  so  closely  crowded  when  the 
■gan  is  distended  with  eggs  that  the  ovary  forms  an  almost  continuous 
eet  covering  that  aspect  of  the  pyloric  part  of  the  stomach  and  of  parts 
the  intestinal  loop  (except  the  rectum)  which  Ues  toward  the  mantle, 
le  testis  is  Ukewise  a  branching  organ;  its  branches  and  lobes  are 
trrower  and  smaller  than  those  of  the  ovary  (at  least  when  the  latter 
well  developed),  among  and  between  which  they  ramify. 

Nine  poorly  preserved  specimens,  most  of  them  yery  small,  were 
edged  by  the  '  Albatross '  at  Station  2406  off  the  West  Coast  of  Florida 
■8®  46'  N.,  84°  49'  W.,  26  fathoms,  coarse  sand  and  coral),  attached  to 
i-lcareous  worm-tulws,  and  so  forth. 

Trau8tedt\s  (1882)  typo  of  this  species  was  from  St.  Thomas.  He 
id  but  one  small  specimen.  In  structure  it  is  close  to  Corella  borealis 
f'austedt,  1886,  but,  as  that  is  an  arctic  species  only  once  recorded  from 
^y  point  as  far  south  as  Cape  Ann,  Massachusetts,  the  two  can  hardly 
-  identical. 

[Note. — A  larger  species  {Corella  eumyota  Traustedt,  1882)  with 
Uch  better  developed  mantle  musculature,  widely  distributed  in  the 
tarctic  and  subantarctic  region,  ranges  north  to  Bahia  on  the  ejistern 
*iith  American  coast,  according  to  Traustedt.    (See  below,  p.  483.)] 

8TOLIDOBRANCHIATA  I^lliille 

[  =  Ptychobranchia  Seeliger] 

The  nH)8t  highly  H[)ecialized' order  of  as(>idian8.  It  contaitis  l>oth  conii)ound  and 
iiiple  foriDH.  Bo<ly  never  divided  into  thorax  and  abdomen;  the  digeHtivc  tract  and 
productive  organs  alwayn  lie  be«ide  the  branchial  .•»ac,  which  ha'^  internal  longitudinal 
mcls  And  a  few  large  longitudinal  folds  or  plications  (rudimentary  or  lost  in  a  few 
nn/i ) .    TenfarleR  sometimes  compound . 
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BotrylUda  VerriU,  1871 

A  small  but  widely  distributed  group  of  compound  adcidians,  probably  to  be 
regarded  as  degenerate  descendants  of  the  same  stock  as  the  compound  S^^dc, 
from  which  they  differ  in  having  systems  and  common  cloacal  cavities  (not  found 
elsewhere  in  the  Stolidobranchiata).  Branchial  folds  wanting;  only  three  internal 
longitudinal  vessels  on  each  side  of  the  body.    Dorsal  lamina  a  continuous  membrane. 

BoTRTLLUs  Gaertner  and  Pallas,  1774 

As  here  employed,  co-extensive  with  the  family  Botryllidie. 

Subgenus  Botktllus 

Systems  small,  circular  or  oval,  containing  few  zooids. 

BotrylluB  schloaaeri  (Pallas),  1766 

Figure  73 

1766.     Alcyoniam  schlosseri  Pallas,  Elench.  Zoophyt.,  No.  208. 

1816.     Botryllus  schlosseri  Savigny, '  M^m.  s.  1.  animaux  sans  vert^bres,'   pt.  2,  p. 

200,  PI.  XX,  fig.  5. 
1871.     Botryllus  gouldii  Verrill,  Amer.  Joum.  Sci.,  (3)  I,  pp.  211,  212;   figs.  14-19. 
1873.     Botryllus  gouldii  Verrill  and  Smith,  'Rep.  on  Invert,  animals   of  Vineyard 

Sound,'  pp.  702,  376,  etc.,  PI.  xxxii,  figs.  262,  263. 
1903.     Botryllus  schlosseri  Bancroft,  Proc.  California  Acad.  Sci.,  Zool.,  C3)  III,  p.  137, 

PI.  XVII,  figs.  1-3. 
1910.     Botryllus  schlosseri  Van  Name,  Proc.  Boston  Soc.*  Nat.  Hist.,  XXXIV,  p. 

350.  PI.  XXXIX,  fig.  10,  text  fig.  1. 

1915.  Botryllus   schlosseri     {namen    conservsLndum)     Apstein,     Sitzungsb.   Gesell. 

naturf.  Frcunde,  Berlin,  ann.  1915,  p.  185. 

1916.  Botryllus  schlosseri  Hartmeyer,  Sitzungsber.  Geseli.  naturf.  Freunde,  Berlin; 

ann.  1915,  p.  252. 
For  other  references  and  synonyms  see  Van  Name  (1910). 

This  species  forms  incrusting  colonies  of  variable  extent,  sometimes 
several  centimeters  across,  and  is  subject  to  many  of  the  same  color 
variations  described  for  Botryllus  niger,  though  red  or  orange  varieties 
do  not  occur,  and  the  colonies  differ  from  those  of  that  species  in  having 
the  zooids  arranged  in  small  circular  or  oval  systems,  usually  containing 
only  from  five  to  twenty  zooids.    The  zooids  average  a  little  larger  and 
proportionately  shorter  than  in  Botryllus  niger;  they  have  only  nine  or 
ten  rows  of  stigmata  and  the  internal  longitudinal  vessels  are  separated 
by  about  four  stigmata.    These  characters  will  suffice  to  distinguish  the 
two  species.    A  more  detailed  description  will  be  found  in  Van  Name, 
1910. 

The  distribution  of  this  species  on  the  coasts  of  the  Middle  and 
Southern  Atlantic  States  requires  further  investigation.  It  is  widely 
distributed  on  the  European  coasts  and  is  very  common  in  shallow  water 
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OD  the  shores  of  southern  New  England  and  Long  Island,  often  growing 
on  eel  grass.  I  have  no  records  between  New  Jersey  and  Florida, 
though  I  cannot  suppose  it  is  absent  from  that  part  of  the  coast,  as  the 
National  Museum  collection  contains  flourishing  colonies  from  Cedar 
Kejrs  and  oBF  Gasparilla  Light  (7  fathoms)  on  the  west  coast  of  Florida. 
I  failed  to  find  it  in  my  collecting  at  Bermuda  and  in  southeastern  Florida. 

73 


Fig.  73.    BotryUtu  ichhsten  (PEJIan),  1766 


Subgenus  BoniTLLOtDBS  (Milne-Edwards),  1841 
Systems  more  extensive  than  id  the  tiiibgenus  BotryUut,  eIongat«  or  branching  in 
outline. 

Though  this  group  has  until  lately  been  ahnost  univeraaUy  recognized 
as  a  genus,  the  charactersseparatingitareof  no  more  than  specific  rank, 
and  it«  recognition  as  a  subgenus  can  only  be  justified  on  the  ground 
of  deference  to  established  custom  and  to  avoid  the  confusion  that  its 
Kudden  entire  abandonment  might  cause. 

Bobyllui  (BotrylloldM)  niger  (Herdman),  1886 

Figure  74 

1886       Uotrylloide*  nigrum  Herdman,  'Kep,  Vov,  Chnlienger,  Zool.,'   XIV,  p.  .iO. 

PI.  I,  fig.  8;  Fl.  iii,figt.  19-21. 
liSOl.    A>(ryUouj«tni(rumHerdman,  Journ.  Linn.  .Soe.  London,  Zi>oJ.,  XXIll,  p.  6(Ht. 
1S97.     IMryUoidet  nigrum  Sluiter,  Zool.  Jahrb.,  Syat.,  XI,  1S97.  p.  49. 
7I89N.     JSofryUotdra  rAuaitn  Sluiter,  MCm.  Soc.  Zool.  Frant-o,  XI,  p.  10. 
1A90.     BotrylMdet  Upturn  Herdman,  'Dettrr  Cat.  Tunirain  Australian  Muh.,   p.  103, 

PI.  Botf.  I,  figs.  1-4. 
1002.     Boirjfthitkt  fHfriim+ varieties  Van  Name,  Truw.  Omn.  Acad.  Sci.,  XI,  pp. 

374-378,  H.  uii,  figa.  53-.W;  HI.  lix,  fig.  110;  PI.  lxi,  fig.  125. 
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?1906.    Botrylloides  nigrum  Herdman,  *  Rept.  Ceylon  Peaii  Oyster  Fisheries,'  V,  p. 

333,  PI.  VII,  fig.  25. 
1909-1911.    BotryUoides  ni^nxm-l- varieties  Hartmeyer,  Bronn's  *Tier-reich,'  III, 

suppl.,  pp.  1380,  1633,  etc. 
1912.     Botrylloides  nigrum  Hartmeyer,  'Deutsch.   Tiefsee-Exp.,'  XVI,  p.  270,  PI. 

XLI,  fig.  10. 

1915.  [BoiryUus  niger]  form  typica  Michaelsen,  'Beitr.  Meeresfauna  Westafrikas,' 

I,  pp.  419,  420 

1916.  BotryUoides  nigrum  Pratt, '  Manual  Common  Invert.  Animals,'  p.  669. 

1918.  BoiryUus  niger  Michaelsen,  Jarhb.  Wiss.  Anst.,  Hamburg,  XXXV,  suppL  2,  p. 

45,  fig.  6. 

1919.  BotryUus  niger  Michaelsen,  Denk.  Akad.  Wiss.  Wien,  XCV,  pt.  10,  p.  105 

fig.  19. 
1921.    BotryUus  niger  Michaelsen,  Arkiv  fdr  Zoologi,  XIII,  No.  23,  p.  9. 

Colony  flat  and  expanded  when  growing  on  extended  surfaces;  when 
growing  on  branching  algse,  corals,  etc.,  it  may  entirely  surround  the 
branches.  It  reaches  a  diameter  of  100  mm.  or  more  (in  one  case  180 
mm);  different  specimens  vary  greatly  in  thickness;  some  are  so  thin 
and  flattened  that  the  zooids  have  to  lie  flat  and  are  more  or  less  com- 
pressed dorso-ventrally,  others  are  so  thick  and  fleshy  that  the  zooids 
have  more  than  room  enough  to  be  placed  vertically  (at  right  angles  to 
the  surface  of  the  colony).  These  differences  seem  to  be  merely 
individual  or  caused  by  varying  conditions  of  environment,  and  are 
without  significance  in  classification.  The  same  is  true  of  variations  in 
color.  In  preserved  specimens  the  test  is  usually  more  or  less  transparent 
and  nearly  colorless  or  slightly  pervaded  with  a  purplish  tint,  while  the 
zooids  and  bulbs  of  the  test  vessels  are  some  shade  of  purple,  reddish,  or 
brown,  sometimes  so  dark  as  to  be  almost  black,  in  other  cases  very  pale. 
The  pigment  is  in  part  diffused  through  the  tissues  of  the  zooid,  but  is 
chiefly  contained  in  round  or  oval  cells  in  the  mantle,  parts  of  the 
branchial  sac,  and  bulbs  of  the  test  vessels. 

In  Ufe  the  colors  are  much  more  brilliant.  I  am  famihar  chiefly  with 
the  color  varieties  of  this  species  which  occur  at  Bermuda,  but  in  that 
hmited  region  many  very  striking  and  beautiful  varieties  can  be  found. 
Most  of  them  have  the  zooids  of  some  brown,  piu-ple,  or  blackish  shade, 
as  in  preserved  specimens,  but  this  tint  pervades  also  the  test  substance 
to  a  greater  extent  than  after  death.  Sometimes  the  purple  shades  are 
replaced  by  a  light  bluish  gray,  but  in  preservation  this  changes  to  purple. 
In  addition  to  the  ground  color  the  zooids  are  usually  marked  during 
life  with  some  light-colored  pigment,  pure  white,  pale  green,  light  yel- 
low, or  even  bright  orange,  which  usually  forms  a  ring  or  star-shaped 
area  about  the  branchial  orifice.    This  pigment  is  likewise  contained  in 
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the  mantle  of  the  sooids,  the  bulbs  of  the  teat  vessels,  etc.,  but,  unhke  ' 
the  dark  pigment,  it  disappears  almost  immediately  upon  the  death  of  the 
animal.  In  a  few  colonies  the  zooids  were  entirely  of  a  bright  orange 
color  during  life;  this  color  pervaded  the  test  to  some  extent  also.  On 
preservation  the  zooids  in  these  colonies  became  a  dull  reddish,  and  the 
test  practically  colorless.  In  some  specimens  the  adult  zooids  exhibit 
one  combination  of  colors  and  the  immature  ones  an  entirely  different 


combination.  Sometimes  two  colonies  entirely  different  in  coloration 
will  be  found  growing  close  together,  attached  to  the  same  object. 
Several  specimens  dredged  by  the  Steamer  Fish  Hawk  near  Bahia  Honda 
Key  in  11  fathoms  are  in  the  preserved  condition  practically  without 
pigment,  except  for  a  conspicuous  riug  (dark  purplish  brown  in  the 
alcoholic  material)  about  the  anterior  end  of  the  thorax  of  each  jHWid. 
Zooids  small  (in  contracted  preserved  material  often  only  1.5  to 
2  mm.  long)  and  arranged  in  extensive  branching  systems.    In  thick 
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colonies  they  are  usually  closely  crowded  and  are  placed  with  their  long 
axes  at  nearly  right  angles  to  the  upper  and  lower  surfaces  of  the  colony. 
In  thinner  colonies  their  position  is  necessarily  more  or  less  oblique  or, 
when  the  colony  is  very  thin,  nearly  horizontal. 

Body  of  zooid  normally  of  somewhat  curved,  moderately  elongate 
cyUndrical  form.  Branchial*  orifice  without  distinct  lobes;  the  atrial 
orifice  large,  situated  at  the  end  of  a  short  broad  tube  which  arises  from 
the  dorsal  side  of  the  body  some  distance  from  the  anterior  end  and 
extends  obliquely  back.  Its  anterior  Up  is  often  extended  to  form  a  large 
languet.  The  form,  size  and  position  of  the  tube  and  orifice  are,  however, 
very  variable.  Mantle  musculature  moderately  developed,  especially 
in  the  dorsal  region. 

Tentacles  usually  of  two  sizes  placed  alternately,  eight  in  all. 
Additional  third-order  tentacles  are  sometimes  present. 

Dorsal  lamina  plain. 

Branchial  sac  with  three  internal  longitudinal  vessels  on  each  side. 
They  are  separated  by  about  three  stigmata;  next  to  the  endostyle  and 
median  dorsal  vessel  there  are  about  five  stigmata  before  the  first  vessel 
is  reache4.  Porto  Rico  specimens  have  eleven  or  possibly  twelve  rows  of 
stigmata;  some  of  the  Bermuda  specimens  appear  to  have  one  or  two 
more  rows,  while  in  some  Florida  specimens  there  are  sometimes  as  many 
as  sixteen  rows,  though  in  other  specimens  only  eleven  or  twelve. 

Stomach  with  nine  principal  longitudinal  folds,  one  or  two  small 
incomplete  ones,  and  a  well-developed  pyloric  caecum. 

A  group  of  small  oval  testes  is  present  on  each  side  of  the  body  near 
the  posterior  end.  Directly  in  front  of  these  there  is  sometimes  a 
single  large  egg  on  each  side,  or  occasionally  two.  In  the  older  zooids 
male  organs  only  are  found,  this  species  being  markedly  protogynous 
(see  Michaelsen,  1919,  p.  107). 

It  will  be  clear  from  the  above  description  that  the  specimens 
assigned  to  this  species  exhibit  great  variation,  not  only  in  colors  but 
other  characters,  including  considerable  differences  in  the  number  of 
rows  of  stigmata.   Nevertheless,  after  the  study  of  many  specimens  from 
various  localities,  I  have  entirely  failed  to  find  any  tangible  basis  for 
dividing  them  into  more  than  one  species.  In  my  account  of  the  Bermuda 
ascidians  (1902),  I  attempted  to  give  recognition  to  several  of  the  more 
striking  variations  by  naming  three  varieties  (planum,  concolor,  and 
aarcinum)  but,  were  all  the  observable  differences  to  be  accoimted  for,  it 
would  be  necessary'-  to  greatly  multiply  such  varieties,  and  there  is  no 
evidonco  that  they  represent  true  races.    The  variations  seem  rather  to 
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be  individual  or  due  in  part  to  age,  stage  of  growth,  and  the  immediate 
effect  of  the  conditions  under  which  the  colony  grows. 

This  species  is  common  and  widely  distributed,  at  least  in  the  north- 
ern part  of  the  West  Indian  region,  and  occurs  both  along  the  shore  near 
low-water  mark  and  on  corals,  gorgonians,  etc.,  on  the  reefs  and  in  deeper 
water  to  UK  fathoms  (near  Bahia  Honda  Key,  Florida)  and  21  fathoms 
(near  the  northern  coast  of  Yucatan),  according  to  specimens  in  the 
National  Museum.  It  is  common  at  Bermuda  (the  locaUty  of  the  type, 
which  was  obtained  by  the  Challenger  Expedition),  and  at  many  points 
on  both  the  east  and  west  coasts  of  Florida.  At  Porto  Rico,  specimens 
were  collected  by  the  American  Museum  Expedition  in  Guanica  Harbor 
and  east  of  Caribe  Cayo  (b}i  to  8?4  fathoms)  on  the  south  coast,  and 
in  Condado  Bay,  San  Juan  Harbor,  16  to  22  feet,  on  the  north  coast. 
The  National  Museum  contains  a  specimen  from  Green  Bay,  Bahamas. 

It  is  also  widely  distributed  in  the  Red  Sea,  Indian  Ocean,  Malay 
region,  and  Australia  (see  Michaelsen,  1919,  p.  106),  and  Herdman, 
1906,  reports  a  Botrylloides  nigrum  from  Ceylon,  designating  it,  however, 
as  a  new  species,  so  that  it  is  not  clear  whether  he  really  intended  to  refer 
his  specimen  here  or  had  forgotten  that  he  had  already  appUed  the  name 
nigrum  to  a  member  of  this  genus.  The  very  brief  description  and  the 
illustration  he  gives  shed  no  Ught  on  this  question.  A  variety  of  this 
species  (variety  m^niccecum)  has  also  been  described  by  Hartmeyer 
(1912d,  p.  271,  PI.  XLi,  fig.  11)  from  the  Cape  of  Good  Hope,  but  is  re- 
garded by  Michaelsen  (1919,  1921)  as  a  distinct  species. 

Sluiter  (1908)  described  a  species,  B.  chazaliei  from  Margarita 
Island,  Venezuela,  which  agrees  well  with  the  present  one  in  all  im- 
portant characters  except  the  number  of  internal  longitudinal  vessels 
which  Sluiter  gives  as  four  on  each  side.  This  number  is  often  very 
hard  to  determine  with  certainty,  unless  the  zooids  are  well  expanded, 
and  the  possibility  that  JB.  chazaliei  is  a  synonym  of  the  present  species 
does  not  seem  to  be  excluded. 


Styelida  Sluiter,  1905 
[  =  Tethyid»  Hartmeyer,  1909-1911,  not  Huntsman,  1912] 

A  Urge  family  found  in  all  part«  of  the  world  and  including  both  ccmpound 
and  simple  forms.  Usually  they  have  both  apertures  square  or  four-lobed,  simple 
filiform  tentades,  a  continuous  dorsal  lamina  and  four  (or  less)  longitudinal  folds 
on  each  side  of  the  branchial  sac,  which  always  has  straight  longitudinal  stigmata. 
The  compound  forms  never  have  the  z(K>id8  arranged  in  systems  with  common 
oloacal  cavities. 
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Stmplbqma  Herdman,  1886 

[=Diandrocarpa  Van  Name,  1902] 

Branchial  sac  with  no  folds  and  only  four  internal  longitudinal  vessels  on  each 
side.    Only  one  gonad  on  each  side  of  the  body. 

Herdman,  1886,  described  as  Symplegma  wride,  new  genus  and 
species,  a  peculiar  compound  ascidian  collected  by  the  Challenger  Ex- 
pedition in  shallow  water  near  Bermuda.    In  spite  of  the  extenrive  col- 
lecting since  done  in  Bermuda  waters,  no  such  ascidian  has  been  found 
again,  either  there  or  elsewhere.    Michaelsen  (1904,  pp.  21,  22)  offered 
the  suggestion  that  Symplegma  and  Dtandrocarpa   botryUapsis  Van 
Name,  1902,  also  from  Bermuda,  are  identical,  and  made  out  a  strong 
case  in  favor  of  this  view.   Such  a  possibility  had  indeed  occurred  to  me 
in  describing  D.  botryllopsiSf  but  had  been  dismissed,  as  the  discrepancies 
between  Herdman's  description  and  the  real  structure  of  Diandrocarpi 
seemed  too  great  and  too  nimierous  to  have  been  overlooked  by  so  ex- 
perienced an  observer  as  Professor  Herdman.    Nevertheless,  it  seems 
certain  that  Michaelsen  was  right  and    that  Herdman's  specimen  was 
too  poor  to  give  him  a  correct  idea  of  its  structiu-e;  the  name  Symplegm 
viride  is  accordingly  used  here  instead  of  Diandrocarpa  hoiryUopm, 

Other  species  and  varieties  of  the  genus  (see  Michaelsen,  1904, 1919; 
Herdman,  1906)  have  been  since  described,  showing  it  to  be  very  widely 
distributed  in  the  tropical  regions;  the  distinctions  separating  these 
additional  forms  from  the  Bermuda  species  and  from  each  other  do  not, 
however,  appear  to  be  of  a  kind  likely  to  prove  very  constant  or  reliable. 
(Cf.  Michaelsen,  1918,  pp.  39,  40;  1919,  pp.  104,  105.) 

Ssrmplegma  viride  Herdman,  1886 

Figure  75 

1886.     Sympkgma  viride  Herdman,  'Rept.  Voy.  Challenger,  Zool.,*  XIV,  p.  144,  PL 

XVIII,  figs.  7-14. 
1891.     SympUffma  viride  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  606. 
1902.     Diandrocarpa  hotryllopsis+Syniplegma  viride  Van  Name,  Trans.  Conn.  Acad. 

Sci.,  XI,  p.  383,  PI.  Liv,  fig.  68;  PI.  lix,  figs.  120,  121;  PI.  lx,  fig.  123; 

p.  378,  PI.  L,  fig.  22. 
1904.     Diandrocarpa  botryllopsi^  {?  -\-Symplegma  viride)   Michaelsen,  Jahrb.  Wis8. 

Anst.,  Hamburg,  XXI,  suppl.  2,  pp.  21,  22,  42,  43. 
1907.     Diandrocarpa  botryllopsis+Symplegma  viride  Seeligpr,  Bronn's  *  Tier-reich,' 

III,  suppl.,  pp.  1132,  1145,  text  fig.  214. 
1909-1911.     Diandrocarpa    hotryllop^^+Symplegma    viride    Hartmeyer,     Bronn's 

'Tier-reich,'  III,  suppl.,  pp.  1371, 1633. 

1918.  Symplegv\a   viride  Michaelsen,    Jahrb.    Wiss.    Anst.,    Hamburg,    XXX\'. 

suppl.  2,  p.  40. 

1919.  Symplegma  viride  Michaelsen,  Denk.  Akad.  Wiss.  Wien,  XCV,  pt.  10,  p.  105. 
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Colony  thin  and  incrustiiig,  usually  not  averaging  over  2  mm.  thick, 
hut  sometimes  60  mm.  across;  commonly  of  very  insular  form,  owing 
to  the  irregular  objects  (often  branching  algse,  corals,  etc.)  on  which  it 
grows.  Test  transparent  and  gelatinous  in  preserved  specimens,  darker 
and  more  opaque  in  living  colonies.  Surface  of  colony  somewhat  raised 
over  the  position  of  each  zooid. 

Zooids  irregularly  scattered,  not  arranged  in  systems;  each  with 
two  independent  apertures  on  the  surface  of  the  colony.  They  lie  on 
their  ventral  aide;  the  branchial  aperture  is  close  to  the  somewhat  up- 
turned anterior  end  of  the  body;  the  atrial  is  near  the  middle  of  the  body. 
Both  have  slightly  prominent  mai^ns,  not  lobed  but  sometimes  minutely 
dentictilate.  Both  are  elliptical  in  outline  (elongated  longitudinally), 
and  the  atrial  when  <!xpanded  is  much  the  larger  of  the  two.  Size  of 
lai7%8t  zooids  2.5  to  2.8  mm.  long  and  about  1.3  mm.  wide. 


Zooids  oval  when  seen  from  above,  broad  and  rounded  at  the 
posterior  end,  narrower  in  front;  blackish,  brownish,  or  purplish,  or 
occasionally  olive  or  greenish  in  color,  due  chiefly  to  pigment  cells  con- 
tained in  the  mantle  and  vessels  of  the  branchial  sac.  During  life  an 
area  of  lightHM)1ored  pigment,  greenish  white,  pale  yellow,  or  pale  sai- 
mon,  surrounds  the  branchial  aperture.  The  whole  appearance  and 
pigmentation  is  strongly  suggestive  of  the  family  Botryllidn.  Branching 
vessels  arising  from  the  posterior  ends  ot  the  zooids  extend  through  the 
common  test  connecting  the  zooids  and  end  in  the  marginal  regions  of 
the  colonies  in  bulbs  containing  pigmented  corpuscles  similar  to  those 
occurring  in  that  family. 

Mantle  musculature  slight,  chiefly  transverse. 

Normal  number  of  tentacles  apparently  24,  of  which  six  are  very 
large;  some  of  the  small  ones  are  often  rudimentary  or  wanting.  Many 
minute,  slender,  atrial  tentacles  are  present. 
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Dorsal  tubercle  oval,  its  opening  narrow  and  elongate. 

Dorsal  lamina  a  plain  membrane. 

Branchial  sac  without  folds.  There  are  four  internal  longitudinal 
vessels  on  each  side.  Transverse  vessels  all  of  one  size.  Those  of 
opposite  sides  of  the  body  do  not  meet  the  medial  dorsal  vessel  exactly 
opposite  each  other.  Stigmata  in  about  thirteen  rows.  About  four 
stigmata  intervene  between  adjacent  internal  longitudinal  vessels.  In 
the  meshes  along  the  median  dorsal  vessel  and  endostyle  there  are  five  or 
six  stigmata,  or  somtimes  more.  Branchial  sac  large  and  broad,  ex- 
tending nearly  to  the  posterior  end  of  the  body. 

Stomach  and  intestine  lying  chiefly  on  the  left  side  of  the  body. 
(Esophagus  short  and  curved;  wall  of  stomach  with  rather  few  (ten  to 
twelve)  well-marked  longitudinal  folds,  and  a  large  ciu^ed  csecum  near  the 
pyloric  end.  Proximal  part  of  the  intestine  large,  extending  forward  and 
dorsally,  then  posteriorly  beside  the  stomach  (this  part  is  surrounded  by 
branching  glandular  tubules  with  dilated  ends).  The  intestine  then 
bends  abruptly  forward  to  form  the  rectum,  which  is  of  smaller  diameter. 
Margin  of  anus  not  lobed. 

One  gonad  on  each  side;  that  on  the  left  side  farther  forward  than 
the  other.  Each  gonad  consists  of  two  pear-shaped  testes  with  the  small 
ends  near  together  and  an  ovary  attached  to  the  mantle  walls.  A  short 
individuaj  duct  from  each  testis  unites  with  that  from  the  other  to 
form  a  common  duct,  but  it  is  verj*-  short.  The  ovary,  when  small,  lies 
between  the  testes  and  is  bridged  over  by  the  sperm  ducts.  This  is  a  ves- 
tige of  the  condition  found  in  members  of  this  family  having  more  complex 
gonads,  where  the  individual  sperm  ducts  run  on  to  the  inner  (free) 
surface  of  the  ovsLry  and  there  unite  to  form  a  large  conunon  sperm  duct. 
No  oviduct  was  demonstrated.  When  the  eggs  become  large,  though 
they  are  not  very  numerous,  the  ovary  spreads  over  a  considerable  space 
on  each  side  of  the  body.  Testes  not  di\dded  by  clefts  into  lobes  or 
divisions  in  any  of  the  specimens  studied,  though  a  slight  notching  of 
their  margins,  evidently  indicating  an  incipient  tendency  toward  that 
result,  was  several  times  noted.  Specimens  collected  in  spring  (April 
and  May)  have  in  many  cases  fairly  well-developed  testes,  but  the  eggs 
and  ovaries  are  small. 

Ix)cality,  Bermuda;  common  on  stones,  corals,  etc.,  in  shallow  water. 
The  typical  form  ha*s  not  been  recorded  from  anywhere  else,  but  S. 
brakenhielmi  (Michaelsen),  1904  (see  below),  as  well  as  certain  forms 
from  the  Red  Sea,  North  Australia,  the  Indian  Ocean,  Philippines,  etc., 
appear  to  be  separable  from  it  only  as  subspecies  or  varieties,  so  that  the 
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species  aa  a  whole  is  evidently  of  very  wide  distribution  in  tropical 
waters  (see  Michaelsen,  1919,  pp.  104,  105). 

SjmpIoKnu  Tirlde  tekk«nhielml  (Michaelsen),  1904 

Figure  76 
19M.     DiandmcaTpa  brakenhielmi  Mirhaelstn,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXI, 

suppl.  2,  p.  50. 
1909-1911.  Diindroearpa  braktnhielmi  Hartmeyer,  Bronn's  ' Tier-reicb,'  III, 
Huppl.,  pp.  1371, 1630. 
Having  examined  a  considerable  amount  of  material  of  this  genus 
from  Florida  and  West  Indian  localities,  I  find  it  very  variable  and  be- 
Ueve  that  there  is  such  complete  gradation  between  the  Bermuda  and  the 
West  Indian  forms  that  the  rank  of  a  subspecies  is  all  that  can  be  claimed 


:i  (Michaelsen),  1904 


for  the  latter,  especially  as  the  Bermuda  specimens  were  perhaps  not  very 
mature  and  m^ht  later  have  become  more  like  the  West  Indian  ones. 
Michaelsen  (1919,  pp.  104,  105)  has  arrived  independently  at  a  similar 
conclusion. 

As  compared  with  the  Bermuda  apecimene,  the  colonies  are  larger 
(in  one  case  measuring  over  90  mm.  across)  and  the  zooids  reach  a  larger 
size  (4  mm.  or  more  long);  the  test  is  tougher  and  generally  less  trans- 
parent, and  in  the  preserved  material  often  has,  particularly  on  the  parts 
covering  the  zooids,  a  suggestion  of  a  pearly  grayish  luster,  due  to  the 
character  of  its  surface,  not  to  any  pigmentation.  Over  the  body  of  each 
sooid  it  is  more  or  less  raised  into  a  low  convex  or  dome-like  elevation, 
usually  separated  by  a  distinct  depressed  Une  or  furrow  from  the  areas 
covering  adjacent  zooids;  this  causes  the  surface  of  the  colony  to  be  more 
or  less  closely  covered  with  these  small  raised  areas  which  are  of  oval 
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outline  (or,  where  the  zooids  are  close  together,  often  conspicuously 
polygonal,  as  a  result  of  this  crowding);  in  each  one  the  two  minute, 
sUghtly  prominent  apertures  of  the  zooid  appear. 

Some  colonies  have  the  zooids  somewhat  more  convex  and  broader 
in  proportion  to  their  length  than  in  the  Bermuda  specimens,  and  have 
the  branchial  aperture  situated  a  little  way  back  from  the  anterior  end, 
but  there  is  much  variation  and  no  constant  difference  between  the  two 
forms  in  this  respect. 

Specimens  from  Porto  Rico  and  Florida  in  which  the  oral  tentacles 
could  be  accurately  observed  showed  in  each  case  six  very  large  and  long 
ones,  of  which  three  were  larger  than  the  other  three  with  which  they 
alternated.  The  extent  to  which  smaller  tentacles  are  present  in  the 
intervals  between  these  large  ones  seems  to  be  subject  to  much  individual 
variation  and  of  no  significance  in  classification.  In  the  Porto  Rico 
colony  two  additional  orders,  bringing  the  total  number  up  to  twenty- 
four,  were  present  and  were  quite  well  developed;  in  the  Florida  colony 
small  tentacles  were  few  and  rudimentary,  though  the  six  large  ones 
were  well  developed.  A  circle  of  numerous,  very  minute,  thread-like 
atrial  tentacles  on  the  edge  of  a  circular  membrane  or  velum  at  the  base 
of  the  low  conical  elevation  bearing  the  atrial  apertiu*e  were  demon- 
strated in  some  specimens;  there  appeared  to  be  some  additional  more 
or  less  rudimentary  ones  scattered  between  this  circle  and  the  aperture. 

A  larger  number  of  stigmata  than  in  the  Bemmda  specimens  (up 
to  six  or  seven  between  the  internal  longitudinal  vessels  and  as  many  as 
ten  or  eleven  between  the  dorsal  lamina  and  the  first  internal  longitudinal 
vessel)  were  demonstrated  in  some  of  the  Florida  and  West  Indian 
material;  the  number  seems  in  some  degree  dependent  on  the  size  of  the 
zooids. 

The  number  of  plications  of  the  stomach  wall  appears  to  vaxy 
from  eleven  to  fourteen  in  these  specimens  (Michaelscn  gives  the  number 
as  fourteen  or  fifteen). 

The  material  at  hand  indicates  that  the  gonads  may  afford  a  more 
constant  difference,  in  that  the  two  testes  in  the  present  subspecies  are 
each  more  or  less  deeply  cleft  into  three  to  six  lobes  or  divisions,  but  the 
extent  of  such  cloavago  is  very  variable  and  even  in  the  Bermuda  speci- 
mens a  sligiht  notching  cf  the  border  of  the  pear-shaped  testes  evidently 
indicat(*s  a  tendency  to  such  a  division. 

The  sj)ecimens  studied  are  from  Porto  Rico  (Guanica  Harbor  in 
shallow  water) ;  the  east  coast  of  Jamaica  (piles  near  low- water  mark) ; 
Biscayne  Bay,  Florida  (banks  near  Soldier's  Key);  Tortugas,  Florida; 
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and  from  localities  oflF  the  west  coast  of  Florida,  in  depths  down  to  27 
fathoms. 

Michaelsen's  type  was  from  Vera  Cruz,  Mexico.  Michaelsen  (1904) 
and  Herdman  (1906)  described  varieties  of  it  from  the  western  part  of  the 
Indian  Ocean  and  Ceylon  respectively,  which  should  now  be  regarded 
as  varieties  of  S,  viride  (see  above). 

POLTANDROCARPA  Michaelscu,  1904 

Characters  practically  those  of  Polycarpa,  (see  p.  420),  except  that  it  produces 
buds  and  forms  colonies.    Gonads,  though  small,  similar  to  those  of  that  genus. 

Subgenus  Poltandbocabpa 
Several  or  many  testes  in  each  gonad. 

Polyandrocarpa  8abanill»,  new  species 

Figures  77-81 

Except  for  the  fact  that  this  species  grows  in  irregular  groups  or 
clusters  which  appear  to  have  been  formed  by  budding,  it  has  no 
characters  differentiating  it  from  the  genus  Polycarpa.  The  individuals 
are  of  very  irregular,  rather  elongate  form,  attached  by  a  large  part  of  the 
ventral  region  and  more  or  less  closely  united  to  adjacent  individuals  of 
the  group  or  colony  by  a  larger  or  smaller  part  of  the  body  surface  but 
not  so  firmly  that  they  cannot  usually  be  torn  apart  without  much  injury. 
The  groups  or  colonies  contain  only  about  six  to  ten  individuals  (the 
exact  number  is  not  readily  distinguishable  without  separating  the  in- 
dividuals), but  may  have  been  parts  of  larger  groups.  Several  separate 
individuals  that  were  with  them  were  probably  originally  part  of  the 
groups.  Vascular  connection  between  individuals  was  not  found  and 
would  be  difficult  to  demonstrate  on  account  of  the  tough,  opaque 
tc  st ;  it  may  exist  only  in  the  early  stages  of  a  colony.  Test  tough  and 
leathery,  opaque,  somewhat  pearly  within,  the  outer  surface  rough  and 
wrinkled,  of  a  dirty  brownish  color,  more  or  less  covered  with  mud  and 
overgrown  with  foreign  matter. 

Size  of  largest  individuals  about  22  mm.  long  and  11  mm.  in  trans- 
verse diameter.  Though  some  were  considerably  smaller  than  this,  all 
thoso  examined  appeared  to  be  adult,  having  well-developed  gonads. 

Mantle  thick  and  opaque,  its  muscles  forming  continuous  sheets  or 
layers.  Color  light  brown,  dee|)er  and  sonn^what  purplish  al)OUt  the 
apertures,  which  are  four  sided. 
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Figs-  77-81.     PolyandrocaTpa  xabanilte,  new  species 
tandriahtiideeofbodr.  X2.2.     Fic.78.    Gaokd,  X33.    Pic.  76.     DarwlMmrk. 
Part  of  the  drclB  of  IsnlBcln.  X  32.     Fig.  81.     Pmrt  of  bmnrhiBl  au.  X  M. 
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Oral  tentacles  slender,  of  about  three  orders  arranged  with  a 
moderate  degree  of  regularity.  The  total  normal  number  appears  to  be 
32.  The  interior  of  the  low  conical  projection  bearing  the  atrial  aperture 
is  provided  at  its  base  with  a  circular  membrane  or  velimi,  on  which,  as 
well  as  on  the  interior  of  the  cone  between  the  velum  and  the  aperture, 
many  very  small  slender  atrial  tentacles  arc  irregularly  distributed. 

Dorsal  tubercle  large  and  rounded,  but  not  very  prominent.  Its 
orifice  is  a  slit  having  a  different  curvatm*e  in  each  specimen  examined; 
some  modification  of  the  C  or  V  form  seems  to  be  the  normal  form. 

Dorsal  lamina  a  rather  narrow,  plain-edged  membrane. 

Branchial  sac  with  four  complete  folds,  of  which  the  first  and  third 
are  the  best  developed.  Transverse  vessels  numerous  and  stout;  of 
three  orders  (in  the  ventral  region  four  orders)  quite  regularly  arranged. 
Small  vessels  crossing  the  stigmata  are  wanting  on  most  parts  of  the  sac. 
Internal  longitudinal  vessels  numerous  but  slender,  their  distribution 
in  a  large  individual  was  about  as  follows: 

Left  side 
dl  2  (17)  2  (9)  3  (15)  3  (8)  2  en 

Right  side 
dl  4  (17)  3  (10)  2  (13)  2  (7)  3  en 

On  the  flat  parts  of  the  sac  the  meshes  contain  6  to  10  or  more  stigmata, 
the  large  meshes  along  the  endostyle  sometimes  18  to  20  or  more. 

Digestive  tract  rather  large.  Stomach  oval  and  provided  with 
a  small  pyloric  csecum;  its  outer  surface  shows  but  little  indication  of 
plication.  The  intestine  runs  forward  from  the  stomach,  then  backward 
beside  the  stomach,  then  bends  forward,  forming  a  rather  long  rectum. 
Margin  of  anus  with  about  ten  to  twelve  rather  conspicuously  developed 
lobes.  Gonads  mmierous  on  each  side  of  the  body  in  the  ventral  region 
along  near  the  endostyle.  On  the  left  side  they  are  confined  to  the  region 
not  occupied  by  the  alimentary  organs.  Each  gonad  is  a  small  oval  sac 
of  the  usual  Polycarpa  type  containing  many  eggs  and  a  few  small,  pear- 
shaped  or  elongate  testes.  Many  small  cndocarps  are  present  among  the 
gonads  and  on  the  dorso-lateral  parts  of  the  body  wall. 

The  specimens  (several  small  groups  and  some  detached  individuals) 
were  collected  at  Sabanilla,  Colombia,  March  16-22,  1884,  by  the 
Steamer  Albatross.  One  of  the  colonies  is  attached  to  a  shell.  From 
their  condition  they  appear  to  have  come  from  a  muddy  bottom.  With 
them  was  a  specimen  of  Microcosmus  exasperatus  Heller,  1878.  Vascular 
connection  between  the  individuals  of  the  clusters  was  not  successfully 
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demonstrated,  so  that  there  still  remains  a  possibility  that  this  spedee 
belongs  in  Polycarpa,  I  have  not  been  able  to  identify  it  with  any  of  the 
species  of  that  genus  described  by  Sluiter  (1898). 

The  type  is  in  the  U.  S.  National  Museum  collection. 

Polyandrocarpa  maxlTna  (Sluiter),  1904 

Figures  82  and  83 

1904.    GynandrocarpA  nutxima  Sluiter,  ^Siboga-Exped., '  LVIa,  p.  93,  PI.  xv,  figB.  5-7. 
1909.     Polyaindrocarpa  nuLxima  Hartmeyer,  Bronn's  *  Tier-reich,'  III,  auppl.,  pp.  1370, 

1644. 
1918.     Polyandrocarpa  maxima  Van  Name,  Bull.  U.  S.  Nat.  Mus.,  No.  100;  I,  p.  103, 

PI.  XXXI,  fig.  33,  text  figs.  56,  57. 

The  only  specimen  forms  an  irregularly  ovoid  mass  about  18  mm.  by 
14  mm.  in  diameter,  yellowish  white  in  color  in  the  preserved  specimen, 
but  probably  red  when  alive,  having  a  deeply  wrinkled  and  more  or  less 
verrucose  surface.  It  resembles  a  single  simple  ascidian  in  appearance 
except  for  the  more  nimierous,  tour-lobed  apertures,  which,  though 
raised  on  small  papilke,  are  not  very  conspicuous  on  account  of  the  rough 
and  wrinkled  surface.  When  cut  open  it  is  seen  to  be  composed  of  a  dense 
cluster  of  four  individuals  of  different  sizes  (the  largest  about  11  mm. 
long)  separated  only  by  thin  lamellse  of  test  substance.  The  test  between 
and  close  to  the  bodies  of  the  zooids  contains  vessels,  except  where  the 
separating  lamella  of  test  is  very  thin,  yet,  owing  to  the  tough  opaque 
character  of  the  test,  actual  vascular  connection  between  the  zooids  could 
not  be  demonstrated.  The  largest  zooid  has  well-developed  gonads  and 
is  apparently  adult,  though  perhaps  not  of  the  maximum  size  that  may 
be  attained.  The  following  description  of  the  anatomy  is  chiefly  based 
upon  it. 

Body  oval,  not  much  elongated;  both  apertures  dorsal. 

Mantle  thin,  free  from  conspicuous  muscle  bands  or  pigmentation 
except  on  the  tubes. 

Tentacles  about  22,  apparently  representing  three  orders;  rather 
irregular  in  their  arrangement,  the  small  ones  being  wanting  in  many 
of  the  internals. 

Dorsal  tubercle  not  demonstrated. 

Dorsal  lamina  a  plain,  rather  narrow  membrane. 

The  branchial  sac  has  four  well-developed,  though  rather  low  folds, 
separated  by  wide  flat  intervals.  Transverse  vessels  slender  and  rather 
widely  spaced,  so  that  the  stigmata  are  long.  These  vessels  are  of  four 
orders,  quite  regular  in  their  course  and  arrangement;  the  smallest  cross, 
without  dividing,  the  stigmata.    Internal  longitudinal  vessels  slender  and 
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rather  closely  placed,  generally  separated  by  four  or  five  stigmata  on  the 
flat  parts  of  the  sac ;  even  in  the  largest  meshes  immediately  adjacent  to 
the  dorsal  lamina  and  endostyle  the  number  ranges  only  from  about  six 
to  nine,  rarely  ten.  Approximate  distribution  of  the  internal  longitudinal 
vessels: 

Left  side 
dl  4  (14)  7  (16)  6  (18)  5  (13)  5  en 

Right  side 
dl  6  (14)  6  (16)  5  (19)  6  (13)  7  en 
The  rows  of  stigmata  commence  close  to  the  dorsal  lamina  and 
endostyle. 


The  atimentary  tract  forms  a  rather  narrow  loop,  the  cesophagus 
is  long  and  narrow,  the  stomach  is  oval  with  twenty  or  more  conspicuous 
plications,  the  rectum  is  of  moderate  length,  with  a  two-hpped,  some- 
what lobated  aperture.  Gonads  oblong  or  flask-shaped,  of  the  usual 
Polycarpa  type,  very  loosely  attached  to  the  mantle.  They  are  about 
sixteen  in  all,  irrq^larly  distributed  on  both  sides  of  the  body. 

The  above-described  specimen  was  from  Station  7271,  Steamer 
Fish  Hawk  (West  Channel,  entrance  to  Key  West,  Florida,  7K  fathoms, 
«-oral  sand).  No  differences  appear  to  exist  sufficient  to  separate  this 
specimen  specifically  from  Sluiter's  species  from  the  East  Indies  (Salibabu 
Island  and  the  Philippines). 


Subgenus  mTrnTTCLA  (Michaclsen),  1904 
As  this  K">up  appears  to  differ  from  Potyandrocarpa  only  in  the 
smaller  zooidB  and  the  reduction  of  the  testes  to  two  in  each  gonad,  the 
rftnk  of  a  subgenus  of  Polyandrocarpa  seems  suflficient  for  it. 
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Polyandrocarpa  (XusynstyeU)  tincta  (Van  Name),  1902 

Figures  84r^ 

1902.    Michaelsenia  ttjicta  Van  Name,  Trans.  Conn.  Acad.  Sd.,  XI,  p.  381,  Fl.  u?. 

figs.  61,  63;  PI.  lix,  fig.  109. 
1904.    Eusynslyela  tincta  Michaelsen,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXI,  soppl. 

2,  p.  37. 
1907.    Michaelsenia  ttncta  Seeliger,  Bronn's  'Tier-reich,'  III,  suppl.,  p.  1147,  fig.  215. 
1909-191 1 .    Evsynstyela  ttncta  Hartmeyer,  Bronn's  * Tier-reich,'  III,  suppl.,  pp.  1370, 

1633. 

1918.  Eusynslyela  tincta  Michaelsen,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXXV,  suppl. 

2,  p.  38. 

1919.  Symplegma  viride  form  brakenhielmi  Michaelsen,  Dsnk.  Akad.  Wiss.  Wien, 

XCV,  pt.  10,  p.  106. 
1919.    Eusynslyela  tincta  Michaelsen,  Denk.  Akad.  Wiss.  Wien,  XCVII,  pt.  9.  p.  96. 

Colony  ordinarily  of  the  flattened  incnisting  type  and  commonljof 
small  size,  often  consisting  only  of  from  half  a  dozen  to  a  dozen  zooids. 
Such  colonies  measure  25  to  35  mm.  in  greatest  thickness  and 
15  to  20  mm.  in  greatest  diameter;  they  conmionly  have  a  rather  thick, 
rounded  border  and  uneven  upper  surface.  The  specimens  usually  found 
on  stones,  etc.,  along  the  shore  are  of  this  character.  It  forms,  however, 
under  favorable  conditions  (especially  when  growing  in  water  a  few  feet 
in  depth),  much  more  extensive  colonies  containing  one  hundred  in- 
dividuals or  over.  When  these  grow  on  some  branching  object,  as  a 
gorgonian,  they  may  entirely  surround  the  branch  or  two  or  more 
adjacent  branches  and  form  a  much  thicker  mass  of  irr^ular  shape, 
having  all  or  nearly  all  its  surface  exposed  and  bearing  zooids  on  all  its 
aspects,  as  well  as  in  such  clefts  or  depressions  as  may  exist  in  its  con- 
tour. One  such  colony  in  the  National  Museiun  collection,  dredged  on 
the  banks  off  Cedar  Keys,  Florida,  in  about  10  fathoms,  forms  an 
irregular  ovoid  mass  55  mm.  by  37  nmi.  by  28  mm.  in  diameter. 

Surface  of  colony  very  slightly  rough  and  finely  wrinkled;  generaDy 
the  number  and  position  of  the  zooids  is  indicated  chiefly  by  the  pairs 
of  small  rough  papillaB  on  which  their  apertures  are  situated. 

Test  very  tough  and  leathery  and  very  opaque,  so  that  neither  the 
zooids  nor  the  branching  vessels  which  ramify  in  the  test  and  end  in 
elongate  club-shaped  bulbs  are  visible  through  it.  Color  of  test  during 
life  varying  from  rose  pink  to  carmine  red,  deepest  about  the  apertures 
of  the  zooids,  but  fading  to  pink  or  yellowish  in  the  marginal  and  basal 
parts  of  the  colony  in  many  cases.  Test  substance  yellowish  in  the 
interior  of  the  colony.   The  red  color  soon  fades  out  in  preserved  material. 

Zooids  few  in  most  of  the  colonies  and  not  at  all  equal  in  size.    In 
most  colonies  none  of  them  exceed  about  6  mm.  long  and  2.4  mm,  wide, 
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but  the  largest  may  reach  8  or  9  mm.  in  length.  They  lie  with  the  ventral 
surface  down,  often  quite  closely  crowded  together  or  overlapping  each 
other  to  some  extent,  and  are  strongly  flattened  dorso-ventraDy.  Both 
apertures  on  the  dorsal  surface,  more  or  less  prominent  on  the  surface  of 
the  colony  and  rather  widely  separated;  the  branchial  near  the  anterior 


FiffL  84-86.     Polyandrocarpa  {BusynttgeU)  tiiuia  (Vai 
Fif.  84.    Part  of  bnnchisi  hc,  X  tS.     Pi|.  8S.     Lett  lidc  at  H»id.  X  •■ 
M  looid,  X  S. 


end,  the  atrial  behind  the  middle  of  the  body.  Both  are  square  when  ex- 
panded. The  test  is  roughened  and  irregularly  granular  immediately 
about  them  in  many  colonies. 

Mantle  more  or  less  carmine  in  folor,  due  to  pigment  grains  con- 
tained in  its  cells.  It  is  not  very  muscular;  the  tilx-rs  form  a  thin  sheet 
and  are  not  gathered  into  hands. 
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Tentacles  numerous  (over  30),  slender,  of  at  least  three  siaes.   A 
circle  of  minute  atrial  tentacles  is  present. 

Dorsal  tubercle  oval,  orifice  generally  elongated  in  an  antero- 
posterior but  sometimes  in  an  oblique  direction. 

Branchial  sac  with  four  folds  on  each  3ide,  of  which  the  first  and 
third  are  the  highest.  Transverse  vessels  of  two  or  three  sizes,  lie 
smallest  are  generally  stout  enough  to  interrupt  the  stigmata,  but  in 
some  places  they  cross  them  without  doing  so.  Internal  longitudinal 
vessels  slender  on  the  folds ;  those  on  the  flat  parts  of  the  sac  are  thicker. 
The  following  scheme  shows  their  distribution  in  a  rather  large  woid: 

Left  side 
dl  0  (9)  1  (4)  1  (7)  1  (4)  0  en 

Right  side 
dl  0  (8)  1  (5)  1  (8)  1  (4)  0  en 

In  the  meshes  on  the  flpt  parts  of  the  sac  there  are  generally  about  eight 
stigmata.  On  the  right  side  the  first  fold  is  quite  far  from  the  median 
dorsal  vessel,  and  about  fifteen  stigmata  intervene  in  some  places  beiorc 
the  first  internal  longitudinal  vessel  is  reached.  The  fold  is  nearer  the 
median  dorsal  vessel  on  the  left  side.  The  meshes  along  the  endostyle 
are  also  wide,  containing  often  ten  cr  twelve  stigmata. 

Stomach  rather  long  and  narrow  with  about  thirteen  or  fourteen 
well-defined  longitudinal  folds  and  a  small  curved  pyloric  csecum.  The 
stomach  is  yellow  or  brown  during  life.  Rectimi  rather  long  and  straight, 
its  orifice  with  two  well-marked  lips,  each  slightly  lobed. 

Gonads  especially  well  developed  in  some  of  the  Florida  specimens. 
Each  is  a  small,  rounded  sac  containing  two  large,  elongate  testes  and  a 
var>'^ing  number  of  eggs.    The  testes  are  in  the  part  of  the  gonad  next  to 
the  mantle.    In  most  specimens  they  are  of  simple,  elongate  oval  form 
but  sometimes  one  or  both  of  them  may  be  deeply  cleft  into  two  lobes. 
Occasionally  there  appear  to  be  three  or  four  separate  testes  in  a  gonad; 
that  this  never  occurs  it  would  be  unsafe  to  assert,  yet  in  several  such 
cases  a  careful  examination  showed  that  the  appearance  was  due  to  a 
deep  lobation  of  one  or  both  of  the  two  which  are  normally  present. 

The  gonads  are  attached  to  the  inside  of  the  mantle  ot  the  ventral 
region  in  the  usual  way.  They  are  present  on  both  sides  of  the  body  and 
may  form  more  than  one  row  on  each  side  of  the  median  line.  They  often 
project  out  into  the  test  beyond  the  general  surface  of  the  ventral 
regions  inclosed  in  small  knob-like  or  rounded  evaginations  of  the  body 
wall,  which  may  be  more  or  less  constricted  at  their  connection  with  the 
body.    Some  endocarps  are  usually  present. 
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At  Bermuda,  the  type  locality,  this  species  is  found  attached  to 
stones  at  many  points  along  the  shore  near  low- water  mark,  though  no- 
where in  great  abuncance.  On  the  Florida  coast  I  have  found  it  in 
Biscayne  Bay  on  stones  along  the  shores  of  Ragged  Keys,  and  on  calcareous 
algse  on  the  banks  near  Soldier's  Key.  All  the  specimens  from  the  above 
localities  were  small.  The  National  Museum  contams  specimens,  some 
of  them  as  mentioned  above  of  considerable  size,  from  deeper  water 
(lOK  feet  to  about  10  fathoms)  at  stations  off  the  west  coast  of  Florida 
from  the  latitude  of  Cedar  Keys  to  the  Bay  of  Florida.  Its  distribution 
may  be  very  much  wider,  since  Michaelsen,  1919,  expresses  the  opinion 
that  P.  (E.)  hartmeyeri  from  the  Red  Sea  and  Mozambique,  and  P.  {E.) 
imthumi  from  Ceylon  are  inseparable  from  it.  P.  (E.)  laXericia.  (Sluiter), 
1904  of  the  Malay  region  he  considers  another  possible  synonym. 
Specimens  from  the  Philippines,  which  I  have  referred  (Van  Name, 
1918,  p.  105)  to  P.  {E,)  laiericisLj  differ  in  certain  characters  from  Ameri- 
can specimens,  notably  in  the  flatter,  more  expanded  colony,  the  more 
numerous  vessels  of  the  branchial  sac,  the  smaller  number  of  stigmata 
(usually  only  two  or  three)  in  the  meshes  between  them,  and  other  minor 
characters.  Although  these  differences  may  not  prove  to  be  of  import- 
ance, it  would  seem  better  to  leave  the  question  open  until  more  informa- 
tion is  available. 

The  type  of  this  species  is  in  the  Yale  University  collection. 

Polsrandrocarpa  (XusynstyeU)  floridana,  new  species 

Figures  87-89 
?1852.     Cynthia  svbcaenUea  Stimpson,  Proc.  Boston  Soc.  Nat.  Hist.,  IV,  p.  231. 

Colony  diffuse,  consisting  of  many  dome-shaped  zooids  of  differ* 
ent  sizes,  which  often  lie  some  distance  apart,  connected  only  by  a  thin 
sheet  or  irregular  strands  of  test  substance.  Zooids  of  elliptical  outline, 
when  seen  from  above,  and  sometimes  sufficiently  convex  on  the  upper 
surface  to  form  one-half  (or  even  a  slightly  greater  part)  of  a  sphere,  but 
in  most  cases  they  are  of  lower,  more  flattened  form .  In  some  parts  of  the 
colony  they  may  lie  so  close  together  as  to  be  in  contact,  but  there  is 
always  a  distinct  furrow  of  demarkation  between  them  and  usually  they 
may  be  easily  pulled  apart.  Size  of  the  largest  (type)  colony  about  55  mm. 
by  40  mm.  across.  Test  thin,  tough,  rather  opaque,  showing  a  fibrous 
structure  when  torn,  its  outer  surface  quite  smooth.  Color  in  alcohol 
yellowish  white,  becoming  bluish  gray  with  a  slight  pearly  lustre  on  the 
parts  covering  the  zooids;  in  some  places  it  shows  a  pinkish  or  reddish 
tinge  even  in  the  preserved  specimens,  indicating  that  the  colonies  are 
red  or  reddish  during  life. 
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Zooids  covered  by  a  thin,  practically  smooth  layer  of  test.  They  lie 
on  their  Battened  ventral  surface;  the  two  apertures  are  on  the  dorsal 
surface  quite  far  apart  and  both  well  removed  from  the  ends  of  the  body; 
they  are  but  veiy  slightly,  if  at  all,  prominent  in  most  specimens  and  an 
four-sided,  though  showing  in  the  contracted  condition  little  evidence  of 
this  shape.  Size  of  the  largest  zooids  in  any  of  the  specimens  8  mm. 
long  by  5  mm.  across,  but  these,  though  containing  some  well-developed 
gonads,  may  not  have  reached  the  maximum  size. 


Mantle  thin,  musculature  slightly  developed. 

Oral  tentacles  about  sixteen  in  number,  large  and  smaller altematii^, 
the  larger  very  unequal  in  size,  one  or  more  of  those  in  the  posterior  part 
of  the  circle  often  especially  large  and  long.  Around  the  inside  of  the 
base  of  the  low  conical  eminence  on  which  the  atrial  aperture  is  situated 
is  a  circle  of  verj'  numerous  and  very  minute  and  slender  atrial  tentacles. 
Others  are  scattered  irregularly  between  this  circle  and  the  orifice. 

Dorsal  tubercle  longitudinally  elongate,  its  orifice  a  similarly  elon- 
gate slit  or  cleft. 

Dorsal  lamina  rather  wide,  with  a  slightly  sinuous  edge. 

Branchial  sac  with  four  folds,  of  which  the  first  and  third  are  the 
highest.     Transverse  vessels  numerous,  only  two  orders  placed  alter- 
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nately  can  be  recognized  in  most  parts  of  the  sac.  Small  vessels  crossing 
the  stigmata  were  not  noted.  Approximate  distribution  of  the  internal 
longitudinal  vessels  in  two  rather  large  zooids: 

(a)  Left  side 

dl  0  (11)  3  (6)  2  (15)  2  (6)  1  en 

Right  side 
dl  2  (11)  2  (6)  2  (16)  2  (6)  1  en 

(b)  Left  side 

dl  1  (13)  3  (7)  3  (14)  2  (8)  1  en 

Right  side 
dl  2  (14)  2  (9)  3  (15)  3  (8)  1  en 

The  meshes  formed  by  the  vessels  are  small;  those  on  the  flat  parts  of 
the  sac  contain  (except  immediately  along  the  endostyle  or  dorsal  lamina) 
usuaUy  only  two  to  fqur  stigmata. 

(Esophagus  short  and  curved;  stomach  short,  with  about  twelve 
deep  plications  and  a  small  curved  pyloric  cseciun.  Intestine  large;  it 
loops  back  beside  the  stomach  and  then  bends  abruptly  forward  and 
dorsally  into  a  very  short  rectiun  whose  orifice  is  very  slightly  lobed. 

Gonads  few  and  small  in  the  specimens  studied,  attached  on  the 
inside,  of  the  mantle  along  each  side  of  the  median  ventral  line.  They 
are  small  oval  or  irregular  sacs  containing  a  few  large  eggs  and  many 
smaU  ones,  and  two  elongate  oval  testes.  No  more  than  two  testes  were 
demonstrated  in  any  of  a  number  ot  gonads  dissected  out  for  careful 
examination. 

The  type  of  this  species  is  from  the  west  coast  of  Florida  (Station 
7151 ,  Steamer  FbhHawk,  29M3 '40"  N.,  83°49'45"  W. ,  5K  fathoms,  coral) . 
The  remaining  specimens,  five  in  number,  were  dredged  in  the  same 
r^on,  at  some  distance  oflf  the  west  coast  of  Florida  from  the  vicinity 
of  Anclote  Keys  northward,  in  depths  from  21  to  27  fathoms.  Several 
of  them,  including  the  type,  were  growing  on  a  large  simple  ascidian, 
Polycarpa,  circutnaraUj  that  is  common  in  that  region.  It  is  apparently 
not  a  littoral  species.      * 

This  is  a  near  ally  of  P.  (E,)  Uncial  described  above,  and  P.  (E.) 
latericia  (Sluiter),  1904,  from  the  Malay  Archipelago,  but  in  those  forms 
the  colony  consists  of  a  thick  incrusting  sheet  of  test  in  which  the  zooids 
are  deeply  imbedded.  Superficially,  at  least,  it  agrees  well  with  Stimp- 
son's  (1852)  Cynthia  aiibcxrulea  from  Oak  Island  Beach,  North  Carolina, 
but  his  description  is  too  insuflBcient  to  warrant  identifying  the  two  in 
the  absence  of  any  specimens  of  this  form  from  the  North  Carolina  coast. 
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PoLTCARPA  Heller,  1877 

[  =  Pandocia  auct,  mvlt.] 

Simple  ascidians  with  the  characters  as  given  above  for  the  family,  having  a 
number  of  compact  sac-like  or  short  tubular  hermaphroditic  gonads  on  each  side  of 
the  body.  In  the  typical  species  the  gonads  are  small,  oval  or  oblong  sacs,  and  are 
very  numerous. 

Polycarpa  obtecU  Traustedt,  1883 
Figure  90 

?1878.     Polycarpa  tumida  Heller,  Sitzungsber.    Akad.  Wiss.  Wien,  math.-nat.  EI^ 

LXXVII,  p.  103,  PI.  II,  fig.  15. 
1883.     Polycarpa  obtecta  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kj5benhavn,  ann. 

1882,  pp.  126,  134,  PI.  v,  figs.  7,  8;  PI.  vi,  fig.  15. 
1891.     Polycarpa  obtecta  (?-|-P.  tumida)  Herdman,  Journ.  Linn.  Soc.  London,  Zool., 

XXIII,  p.  584. 
1898.    Styela  (Polycarpa)  obtecta  Sluiter,  M^m.  Soc.  Zool.  France,  XI,  p.  11. 
1900.     Polycarpa  multiphiala  Verrill,  Trans.  Conn.  Acad.  Sci.,  X,  p.  591 ;  idem,  1901, 

XI,  PI.  IX,  fig.  7. 
1902.     Polycarpa  obtecta  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  386,    PI.  XLvn, 

figs.  88,  89,  92-94;   PI.  lxiii,  figs.  140,  144;  PI.  lxiv,  figs.  151,  153. 
1908.     Polycarpa  obtecta  Hartmeyer,  Year  Book  Carnegie  Inst.,  Washington,  No.  % 

p.  111. 
1909-1911.     Pandocia  obtecta  (?-|-P.  tumida)  Hartmeyer,  Bronn's  'Tier-reich,'  IH 

suppl.,  pp.  1364,  1630,  1633. 
1915.     Polycarpa  obtecta  Michaelsen,  'Beitr.  Meeresfauna  Westafrikas,'  I,  pp.  412, 

413. 
1918.     Pandocia  obtecta  Van  Name,  Bull.  U.  S.  Nat.  Mus.,  No.  100,  I,  p.  103. 

Body  rounded-oblong,  often  with  the  dorso-ventral  diameter  exceed- 
ing the  length;  when  not  distended  with  water  the  flexibility  of  the  test 
permits  the  sides  to  collapse  so  that  it  is  quite  narrow  from  side  to  side. 
The  apertures,  which  may  be  raised  on  conical  elevations,  or  in  contracted 
specimens  may  be  nearly  flush  with  the  external  surface,  are  both  conspic- 
uously four-sided;    the  branchial  aperture  is  situated  at  or  close  to  the 
anterior  end;   the  atrial  is  forward  of  the  middle  of  the  dorsal  rc^on. 
Body  usually  attached  by  a  small  area  on  the  posterior  or  ventral  part 
of  the  body,  where  the  test  may  be  produced  into  a  sort  of  rudimentary 
peduncle,  or  may  develop  some  root-like  processes  or  irregular  projections 
to  assist  in  the  attachment.    Size  of  the  largest  specimens  studied,  about 
50  mm.  long  by  45  mm.  in  dorso-ventral  diameter,  exclusive  of  the  short 
tubes. 

Test  rather  thin  except  in  the  dorsal  region  where  it  becomes  very 
thick.  Color  of  the  outer  surface  dirty  yellowish  or  brownish  gray, 
usually  more  or  less  stained  with  mud,  darkening  to  red,  brown,  or 
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purplish  brown  about  the  apertures  in  fresh  specimens.  Some  individuals 
have  the  entire  surface  or  parts  of  it  incrusted  with  sand  and  shell  frag- 
ments, but  in  a  majority  of  the  specimens  it  is  practically  bare,  fairly 
smooth  in  some  parts,  but  with  more  or  less  extensive  areas  which  are 
rough,  wrinkled,  and  warty,  or  it  may  even  develop  patches  of  short 
irr^ular  moss-like  processes.  Other  specimens  may  have  the  entire 
surface  wrinkled.  Internally  the  test  is  grayish  with  a  slight  pearly  cast. 
Test  substance  strong,  yet  soft  and  flexible  when  fresh,  and  even  in 
material  long  preserved  in  alcohol  it  has  less  tendency  to  become  hard 
and  rigid  than  in  many  other  allied  ascidians. 

Mantle  smooth  and  often  of  a  somewhat  gelatinous  appearance, 
conspicuously  brown  in  color  in  most  individuals,  and  provided  with  a 
rather  weak  musculature  consisting  of  longitudinal,  transverse,  and 


Fig.  00.    Polycarpa,  obtecta  Traustedt,  1883 
Left  and  ri«ht  sidee  of  body,  natural  sue. 


oblique  fibers,  of  which  only  the  longitudinal  ones  radiating  from  the 
bases  of  the  tubes  are  gathered  into  bands  of  any  size.  The  brown  colora- 
tion just  mentioned  pervades  many  of  the  internal  organs  as  well  as  the 
mantle,  and  is  in  part  due  to  granules  of  pigment  in  some  of  the  cells. 

The  tentacles  are  rather  niunerous,  often  forty  to  sixty  in  large 
individuals  (55  and  58  respectively  were  counted  in  two  large  specimens) 
and  represent  four  or  more  orders  in  respect  to  their  size  and  length; 
only  the  larger  ones  show  any  degree  of  regularity  in  their  distribution, 
the  small  ones  being  few  and  irregularly  placed. 

Dorsal  tubercle  rather  large  but  not  very  prominent  above  the  sur- 
face of  the  prebranchial  region.  It  varies  in  relative  size  and  shape  in 
different  individuals,  as  its  orifice  does  also.  The  latter  Ls  a  very  narrow 
cleft  usually  bent  in  a  C  or  sometimes  an  S-shape;  in  the  former  case  with 
the  open  interval  forward  or  more  or  less  to  the  left  and  the  horns  un- 
equally curved  (both  in,  or  one  in  and  one  out). 
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Dorsal  lamina  a  plain-edged  membrane;  endostyle  very  wide  and 
thick. 

Branchial  sac  peculiar  in  that  many  (though  not  all)  individuals 
have  an  additional  more  or  less  distinct  fold  on  the  right  side,  besides  the 
four  which  are  characteristic  of  this  family  of  ascidians.    This  fifth  fold 
lies  between  the  dorsal  lamina  and  the  first  regular  fold  and  is  small, 
seldom  bearing  more  than  three  or  four  internal  longitudinal  vessels. 
The  remaining  folds  (as  also  all  those  of  the  left  side)  are  much  higher  and 
better  developed,  bearing  from  ten  to  seventeen  vessels  in  the  specimens 
studied,  the  third  fold  from  the  dorsal  side  (not  counting  the  above- 
mentioned  extra  fold)  being  usually  the  highest.    Although  in  other 
families  of  ascidians  the  number  of  folds  is  variable  (sometimes  increasing 
with  the  age  and  size  of  the  individual),  in  the  StyeUdse  the  number  four 
on  each  side  is  so  rarely  exceeded  as  to  make  such  cases  of  especial  interest. 
Less  than  four  folds,  by  the  reduction  and  disappearance  of  one  or  more 
of  them,  are,  however,  found  in  many  Styelidse. 

This  extra  fold  is  not  morphologically  comparable  to  the  other  four 
folds,  which  must  have  been  inherited  from  seme  remote  ancestor  of  the 
whole  family;  it  may  be  produced  by  some  secondary  cause,  possibly 
largely  mechanical  in  its  nature.  A  pecuUarity  in  the  test  has  been 
alluded  to  above.  On  the  sides  and  ventral  p»rt  of  th  »  body  it  is  verj' 
soft  and  flexible  so  that  the  body  collapses  when  the  water  is  expelled 
from  the  branchial  sac,  but  ovet  the  dorsal  part,  in  the  immediate  region 
of  the  extra  fold,  it  becomes  suddenly  much  thicker  and  more  rigid. 

The  consequent  frequent  bending  of  the  body  wall  at  this  point 
may  have  its  bearing  upon  the  development  of  the  extra  fold.  Why  it 
appears  on  the  right  side  and  not  on  both  is  perhaps  to  be  explained  by 
the  fact  that  in  this,  as  in  many  other  members  of  the  StyeUdae,  the  first 
fold  on  the  left  side  is  usually  comparatively  close  to  the  dorsal  lamina 
while  on  the  right  side  there  is  a  much  broader  flat  interval. 

Aside  from  the  extra  fold,  the  structure  of  the  branchial  sac  presents 
nothing  remarkable;  the  folds  are  sharply  defined  and,  conformably  to 
the  short  deep  V^ody,  very  much  curved.  The  transverse  vessels  are  of 
several  orders  arranged  with  a  vaiying  degree  of  regularity;    small 
vessels  crossing  without  dividing  the  stigmata  are  not  usually  present. 
Internal  longitudinal  vessels  close  together  on  the  folds  but  separated  by 
varying  (often  rather  wide)  intervals  on  the  flat  parts  of  the  sac.     The 
number  of  stigmata  in  the  larger  meshes  is  usually  from  ^ven  to  twelve; 
in  the  ventral  regions  of  the  sac,  especially  in  the  meshes  along  the  endo- 
style, the  number  is  often  still  greater.    Different  individuals  show  some 
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variation  in  the  number  of  internal  longitudinal  vessels,  in  the  regularity 
of  their  distribution,  and  in  the  number  of  stigmata  that  intervene 
between  them.  The  number  of  vessels  is  usually  greater  in  large  than  in 
small  individuals,  but  is  not  altogether  dependent  on  the  size.  In  two 
large  individuals  over  50  nmi.  long,  from  Florida,  the  following  counts 
of  these  vessels  were  made: 

Left  side 

(a)  dl  3  (12)  4  (13)  4  (13)  4  (11)  3  en 

Right  side 
dl  0  [3]  1  (10)  4  (13)  4  (12)  4  (10)  3  en 

(b)  Left  side 

dl  3  (14)  3  (13)  3  (14)  4  (12)  3  en 

Right  side 
dl  0  [3]  2  (9)  1  (14)  3  (14)  4  (8)  3  en       t 

An  individual  from  Porto  Rico,  though  smaller,  has  more  vessels: 

Left  side 
dl  2  (13)  3  (13)  3  (17)  4  (11)  3  en 

Right  side 
dl  0  [3]  0  (11)  3  (15)  3  (17)  6  (11)  3  en 

An  example  about  40  mm.  long  from  off  the  west  coast  of  Florida 
has  still  more: 

Left  side 
dl  3  (19)  3  (21)  5  (23)  6  (19)  6  en 

Right  side 
dl  0  [5]  3  (17)  5  (22)  5  (24)  6  (19)  4  en 

Irregularities  in  the  branchial  sac,  especially  in  the  height  of  the 
folds  or  in  the  width  of  the  flat  intervals,  which  may  be  increased  at  the 
expense  of  the  adjoining  folds,  or  in  the  transverse  vessels,  which  may 
branch  or  run  obliquely,  joining  an  adjacent  vessel,  are  frequent  in  some 
individuals;  others  show  great  regularity  in  such  details. 

Stomach  small  and  short;  oval.  The  intestine  forms  a  small  open 
loop  which  does  not  extend  much,  if  at  all,  forward  of  the  middle  of 
the  body.  Margin  of  anus  irregularly  lobed.  A  large  endocarp  connected 
both  with  the  mantle  and  the  branchial  sac  is  commonly  present  in  the 
bend  of  the  intestinal  loop. 

Gonads  oblong  or  flask-shaped,  produced  into  a  short  neck  with  the 
ovarian  opening  at  its  end;  the  opening  of  the  sperm  duct  is  on  a  small 
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papilla  beside  the  neck.  The  number  of  gonads  varies,  and  is  common- 
ly greater  in  large  than  in  smaU  individual.  In  ordinary  sized  individ- 
uals there  may  be  twenty  or  more  on  the  right  side  irregularly  scattered, 
but  with  their  necks  turned  more  or  less  directly  toward  the  base  of 
the  atrial  tube,  while  on  the  left  side,  where  they  are  confined  to  the 
region  anterior  to  the  intestinal  loop,  the  niunber  is  somewhat  less.  In 
very  large  examples  the  number  on  the  right  side  may  reach  one  hundred 
or  more. 

As  usual  in  this  group  of  ascidians,  the  male  glands  in  each  gonad 
are  smaU  and  often  cleft  into  two  or  three  lobes;  they  lie  against  the 
mantle  more  or  less  covered  by  the  ovarian  part  of  the  gonad  around 
which  their  individual  sperm  ducts  curve  to  join  the  mair^  branches  of  the 
common  duct. 

Traustedt's  type  of  this  species  was  from  St.  Thomas,  and  Hart- 
meyer  (19(18)  records  it  from  Tortugas,  Florida.  It  is  fairly  common  at 
Bermuda  (see  Van  Name,  1902,  p.  388) ;  one  was  obtained  at  Paradonee 
near  Cienfuegos,  Cuba,  by  Mr.  Bamiun  Brown  of  the  American  Museum, 
and  several  were  collected  by  the  American  Museum  expeditions  at 
Porto  Rico  (Guanica  Harbor  on  piles;  one  dredged  in  eighteen  feet  of 
water).  Those  in  the  National  Museum  collection,  excepting  specimens 
from  Eleuthera  Island,  Bahamas,  and  Cabafias,  Cuba,  are  from  Florida 
(Tortugas,  Key  West,  and  points  off  the  west  coast).  It  ranges  frwn 
shallow  water  to  a  depth  of  37}^  fathoms,  and  appears  to  be  commoner 
in  water  at  least  a  few  feet  deep  than  along  the  shore. 

That  this  species  is  distinct  from  P.  tumida  (HeUer),  1878,  from 
Jamaica  seems  very  doubtful,  but  Heller's  description  i^  very  incomplete. 
Among  the  long  list  of  species  of  this  group  that  Sluiter  (1898)  has 
described  from  the  West  Indian  region,  there  appear  to  be  several  that 
are  very  near  to  this  species,  especially  P.  friabilis  from  Jamaica,  P. 
brevipedunculata  from  Curagao,  and  P.  seminuda  from  Tortugas  Island. 
It  is,  therefore,  probably  of  very  wide  distribution  in  the  West  Indian 
region.    P.  arnoldi  (Michaelsen),  1914,  from  Annobon  Island,  West 
Africa,  and  P.  ovata  Pizon,  1908  (see  Van  Name,  1918,  p.  103)  from  Am- 
boina,  are  very  close  allies,  if  really  distinct  from  it. 

Polycarpa  spongiabilis  Traustedt,  1883 

Figures  91-95 

1883.     Polycarpa  spongiabilis  Traustedt,   Vidensk.  Meddel.  natur.  For.     Kjobenr 

havu,  ann.  1882,  pp.  125,  134,  PI.  v,  fig.  9. 
1891.     Polycarpa  spongiabilis  Herdman,  Journ.  Linn.  Soc.  London,  Zoo!.,  XXIII, 

p.  583. 
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1909-1911.     Pandocia  spongiahilis  Hartmeycr,   Bronn's   'Tier-reich/   III,   suppl., 
pp.  1364,  1630,  1634. 

Though  in  its  internal  anatomy  this  species  closely  resembles  P. 
obiedSL  just  described,  I  believe  that  Traustedt  was  well  justified  in 
describing  the  two  as  distinct.  The  sponge-like  appearance  of  the 
present  species  readily  explains  its  specific  name.  It  is  due  to  the  rough 
fibrous  surface  of  those  parts  of  the  body  free  from  foreign  matter,  the 
rigid  yet  easily  broken  test  and  the  non-contractile  character  of  the 
tubes  and  apertures,  which  gives  them,  in  the  alcoholic  specimens  at 
least,  a  resemblance  to  the  oscula  of  sponges. 

Shape  of  body  very  variable  in  the  specimens  available  for  study, 
which  were  collected  at  Porto  Rico;  strongly  compressed  from  side  to 
side  in  the  small  ones,  but  tumid  in  the  larger  ones.  Tubes  of  varying 
length,  mere  conical  eminences  in  two  of  the  individuals,  large,  cylindrical 
and  very  long  in  other  cases.  Orifices  somewhat  square,  not  contracted 
in  any  of  the  specimens.  The  tubes  arise  near  together  on  the  dorsal 
part  of  the  body,  but  curve  apart  so  as  to  form  a  widely  diverging  angle 
(in  one  case  nearly  180  degrees).  Largest  specimen  40  mm.  long,  35  mm. 
in  dorso-ventral  diameter,  and  about  28  mm.  wide,  exclusive  of  the  tubes. 
Color  of  test  yellowish  or  brownish,  becoming  reddish  or  purplish  on  the 
tubes. 

Test  in  the  alcoholic  specimens  opaque;  its  surface  rough,  uneven 
and  fibrous,  but  not  greatly  incrusted  with  foreign  matter  on  the  upper 
half  of  the  body  or  on  the  tubes,  though  in  the  two  larger  specimens  some 
minute  bivalve  moUusks  are  imbedded  in  its  substance.  Upon  the 
ventral  half  of  the  body  there  may,  however,  be  a  tangled  growth  of  hair- 
like processes  to  which  sand  grains,  shell  fragments,  mud,  etc.,  adhere, 
and  which  evidently  serve  to  anchor  the  animal. 

The  internal  structure  of  two  of  the  specimens,  one  large  and  one 
small  immature  one,  was  examined.  The  mantle  and  test  are  adherent 
in  the  alcoholic  specimens. 

Mantle  rather  thick;  brownish  in  color,  with  an  external  layer  of 
transverse  and  an  internal  layer  of  longitudinal  fibers. 

Tentacles  78  in  number  of  the  large  specimen,  less  than  50  in  small 
one;  of  various  sizes  down  to  very  minute  ones  (the  latter  not  very 
numerous  and  occurring  only  here  and  there).  No  regularity  in  the 
arrangement  of  the  different  sizes  in  most  parts  of  the  circle.  The  tubes 
in  these  specimens  were  exceptionally  well  expanded,  i)ennitting  an 
unusually  accurate  count  of  the  tentacles,  even  the  very  smallest.  Had 
they  been  more  contracted,  a  considerable  number  of  the  smaller 
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Figa.  91-95.    Polycarpa  spongiabilis  Traustedt,  1883 

FiK.ei,     UftKDd  right  (idea  of  bod]'.  X  .75,     Fii.sa.     DomI  tuborte.  X12.    Fl|.93.    Putd 
cleof  tentuls.  X  12.     Fig.  M.    Goiud,  X  18.     Fi(.  OS.     Put  of  biucfakl uc.  X  U.S. 
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tentacles  would  doubtless  have  been  overlooked  and  the  number  would 
have  seemed  lower. 

Dorsal  tubercle  horseshoenshaped  with  the  open  interval  forward, 
both  horns  bent  back,  one  inward,  one  outward  (both  to  the  left)  in  each 
of  the  two  specimens  examined. 

Dorsal  lamina  plain,  rather  narrow. 

Branchial  sac  very  similar  to  that  of  P.  obteda.  The  rudimentkry 
extra  fold  on  the  right  side  between  the  dorsal  lamina  and  first  true 
fold  is  present  in  the  large  individual,  but  not  in  the  small  one.  Internal 
longitudinal  vessels  stout,  not  very  numerous.  The  tour  true  folds  are 
of  variable  height  in  different  parts  of  the  sac. 

Internal  longitudinal  vessels  distributed  approximately  as  follows: 

Left  side 

dll  (11)  2  (14)  2  (15)  3  (12)  4  en 

Right  side 
dl  0  [3]  0  (12)  3  (14)  2  (15)  2  (11)  3  en 

Five  or  even  six  orders  of  transverse  vessels  are  recognizable  in  some  parts 
of  the  sac.  Their  distribution  is,  for  the  most  part,  fairly  regular;  the 
very  smallest,  crossing  without  interrupting  the  stigmata,  are  present 
in  some  places  only.  The  stigmata  are  rather  long  and  narrow;  owing 
to  irregularities  in  the  distribution  of  the  internal  longitudinal  vessels 
on  the  flat  parts  of  the  sac,  the  number  of  stigmata  in  a  mesh  is  very 
variable,  but  it  is  often  large,  ten  to  twelve  or  more  in  many  cases. 
Along  the  endostyle  and  median  dorsal  vessel  there  are  meshes  contain- 
ing many  stigmata  (fifteen  to  twenty  or  more) . 

The  above  description  is  taken  from  the  branchial  sac  of  the  largest 
individual.  That  of  the  smaU  one  is  similar  but  there  are  somewhat 
fewer  internal  longitudinal  vessels  on  the  folds. 

Stomach  small,  its  wall  with  a  few  indistinct  plications.  Intestine 
forming  a  small  rounded  loop.  Rectum  very  short  in  the  email  specimen, 
proportionately  longer  in  the  large  one.  Anus  margin  with  about  ten 
small  lobes.  In  the  large  individual  a  large  endocarp  lies  in  the  bend  of 
the  intestinal  loop. 

Gonads  as  in  P.  obteda.  On  the  right  side  they  number  over  50  in 
the  large  specimen,  and  on  the  left  side,  where  they  are  confined  to  the 
part  of  the  mantle  anterior  to  the  intestinal  loop,  there  are  about  30. 
In  the  small  individual  the  gonads  arc  but  poorly  developed,  though 
numerous. 
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Traust«dt  (1883)  gives  the  localities  of  his  specimens  as  West  Indies 
and  Brazil.  A  total  of  six  specimens  were  dredged  t^  the  American 
Museum  expeditions  at  Porto  Rico,  as  follows:  entrance  to  Guanica 
Harbor,  10-25  feet,  mud,  1  specimen;  Condado  Bay,  San  Juaa  Harbor, 
16-22  feet,  sand  and  mud,  3  specimens  GAfge);  Salinas  Cove  (east  of 
Parguera)  off  Don  Luis  Cayo,  5-4K  fathoms,  coral,  mud,  2  8 


Polyearpa  eircumarata  (Sluiter),  1904 
figures  96  and  97 
1904.     Styela  circumarata  Sluiter,  'Siboga-Exped.,'  LlVa,  p.  70,  PI.  I,  fig.  4;  Pt 

fig.  1. 
1909.    Pandocia  etreumaral*  Hartmeyer,  Bronn's  'Tierreicb,'  III,  Bupfd.,  p.  136 
1918.    Pandocia  drcumarala  Van  Name,  BuU.  U,  S.  Nat.  Mus.,   No.  100,  I,  p. 
fig.  46;  PI.  XXVI,  figa.  7,  8, 


Though  subject  to  great  individual  variation  in  shape  and  maDiiet 
of  attachment,  the  body  in  this  species  is  usually  elongate,  oblong,  some- 
what abruptly  tapered  at  the  front  end  and  strongly  flattened  from  ade 
to  side.  It  is  usually  extended  at  the  posterior  end  or  in  the  posterior 
ventral  region  into  a  very  short,  broad,  laterally  compressed  peduncle 
for  attachment;  this  peduncle  may  break  up  into,  or  be  replaced  by,  a 
number  of  root-like  processes.  Less  often  the  body  is  sessile  and  directly 
adherent  to  the  object  on  which  it  grows ;  in  a  few  of  the  specimens  there 
is  no  lateral  compression  of  the  body. 

Test  moderately  thick,  tough  and  very  opaque;  its  substance  white 
with  a  pearly  lining;  the  outer  surface  yellowish  brown  to  brassy  yellow 
in  color.  Its  surface  is  wrinkled  or  furrowed;  these  furrows  are  rather 
few  and  mainly  longitudinal  in  most  individuals,  being  separated  by 
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rounded  ridges  irregularly  broken  by  short  transverse  or  oblique  furrows 
into  small  rounded  elevations ;  in  some  individuals,  however,  the  wrinkles 
are  closer  together  and  mainly  transverse.  Some  have  parts  of  the 
surface  lightly  incrusted  with  foreign  matter  (sand  grains,  shell  frag- 
ments, etc.,  or  compound  ascidians),  but  usually  not  to  any  great  ex- 
tent except  on  the  peduncle  or  the  processes  into  which  it  branches. 
Largest  individual  from  the  West  Indian  region  52  mm.  long  and  40  mm. 
in  dorso-ventral  diameter. 

Mantle  thick  and  opaque,  the  muscular  layers  forming  thick  con- 
tinuous sheets.    It  is  light  colored,  as  on  the  other  internal  organs  also. 

Normal  number  of  tentacles  apparently  32,  representing  three 
orders,  but  some,  especially  those  of  the  smallest  order,  are  often  poorly 
developed  or  wanting  in  some  of  the  positions  where  they  should  occur 
according  to  the  scheme. 

Dorsal  tubercle  large  and  elongate;  the  typical  form  of  its  orifice 
seems  to  be  C-shaped,  with  the  open  interval  to  the  left  and  the  horns 
inrolled,  but  some  irregular  variation  of  this  form  very  often  occurs 
instead  of  the  above  typical  one. 

Dorsal  lamina  a  plain  membrane  widest  in  its  posterior  portion. 

Branchial  sac  with  four  well-defined  and  moderately  high  folds 
separated  by  wide  flat  intervals.  Transverse  vessels  very  numerous 
and  close  together;  in  some  places  five  or  six  orders  arranged  with  some 
degree  of  regularity  may  be  recognized.  Often,  however,  the  large  ones 
are  distributed  at  irregular  intervals  separated  by  a  considerable  but 
varying  number  of  small  ones  which  may  be  fairly  uniform  in  size  for 
considerable  distances,  except  for  the  occasional  presence  of  still  smaller 
ones  that  cross  without  interrupting  the  stigmata.  Internal  longitudinal 
vessels  also  exceedingly  numerous  and  on  the  folds  very  closely  crowded; 
on  the  flat  part  of  the  sac  they  are  usually  separated  by  from  five  to 
eight  stigmata,  except  along  the  endostyle  and  dorsal  lamina,  where  there 
are  more  stigmata  in  the  meshes. 

Distribution  of  the  internal  longitudinal  vessels  in  a  specimen  36 
nun.  long: 

Left  side 
dl  6  (37)  7  (37)  8  (33)  9  (26)  5  en 

Right  side 
dl  5  (38)  8  (34)  8  (34)  6  (28)  5  en 

I  n  one  48  mm.  long : 
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Left  side 
dl  5  (40)  9  (36)  8  (39)  9  (29)  6  en 

Right  side 
dl  8  (42)  8  (36)  8  (38)  7  (32)  4  en 

CEsophagus  short;  stomach  oval,  rather  short,  its  exterior  surface 
showing  but  little  plication.  No  pyloric  csecum.  Intestine  of  large 
diameter  but  forming  a  rather  narrow  compact  loop  lying  somewhat 
transversely  to  the  body  axis.  No  very  abrupt  bend  at  the  b^inningof 
the  rectiun,  which  is  rather  short.  Margin  of  anus  with  many  minute, 
rather  inconspicuous  lobes. 

Gonads  hermaphroditic,  small  and  numerous,  irregularly  distrib- 
uted on  both  sides  of  the  body,  but  so  deeply  buried  in  the  tissues  of  the 
body  wall,  and  so  much  less  prominent  than  the  mmierous  small  endcv- 
carps  which  arise  between  them  and  partially  conceal  them,  that  they  are 
readily  overlooked.  They  are  elongate  or  phial-shaped,  often  irrc^uWy 
curved,  and  sometimes  forked  or  branched.  They  contain  a  variable 
number  of  small,  ovoid  or  pear-shaped  testes  and  many  still  smaller, 
rounded  eggs. 

In  spite  of  the  difference  of  locality,  there  do  not  appear  to  be  any 
characters  separating  the  specimens  here  described  from  Sluiter's  species 
from  the  Philippines,  where  it  is  recorded  from  depths  from  16  meters  to 
20  fathoms. 

It  is  represented  in  the  National  Museum  collection  by  about 
thirty  specimens  of  various  sizes,  all  dredged  in  the  Gulf  of  Mexico  off 
the  west  coast  of  Florida,  by  the  Steamers  Albatross  and  Fish  Hawk, 
at  stations  from  Deadman's  Bay  to  near  Sarasota  Point,  in  depths  from 
5?i  to  30  fathoms  on  sandy  and  coral  bottom.    Most  of  the  specimens 
were  obtained  at  Station  2405  by  the  Steamer  Albatross  (28**  45'  N., 
85°  02'  W.,  30  fathoms,  gray  sand  and  broken  coral),  where  a  larg^ 
number  of  examples  of  P.  obtecta  were  also  dredged.     Several  of  the  in- 
dividuals of  this  species  are  partially  overgrown  with  colonies  of  Pcly- 
androcarpa  floridanaj  a  new  species  of  compound  ascidian. 

Styela  Fleming,  1822 

Simple  ascidians  with  characters  as  given  above  for  the  family  and  a  sm&U 
numl)er  (often  only  one  or  two  on  each  side)  of  elongate  gonads  having  in  the  typical 
species  the  male  glands  alongside  of  but  slightly  removed  from  the  ovaries. 
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Styela  partita  (Stimpson),  1852 

Figures  98-101 

1852.     Cynthia  partita  Stimpson,  Proc.  Boston  Soc.  Nat.  Hist.,  IV,  p.  231. 
1868.    Styela  variabilis  Hancock,  Joum.  Linn.  Soc.  London,  Zool.,  IX,  p.  318. 
1873.     Cynthia  partita  Verrill  and  Smith,  'Rept.  on  Invert.  Animals  of  Vineyard 
Sound,'  pp.  311,  701,  etc.,  PI.  xxxiii,  fig.  246. 

1877.  Styela  canopaides  Heller,  Denk.  Akad.  Wiss.  Wien,  XXXVII,  p.  254,  PI. 

VI,  figs.  1-3. 

1878.  Cynthia  partita  Coues  and  Yarrow,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1878, 

p.  304. 
1891.     Cynthia  partita -\-C.  canopoides   +  C.  variabilis   -\-  C.  stellifera  Herdman, 

Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  pp.  581,  586. 
1898.     Cynthia  partita  Bumpus,  Science,  new  series,  VIII,  p.  853. 
1900.     Styela  partita+S.  canopoides  Verrill,  Trans.  Conn.  Acad.  Sci.,  X,  pp.  588, 589; 

idem,  1901,  XI,  PI.  ix,  figs.  8a,  86,  Sc. 
1902.    Styela  partita  Van  Name,  Trans.  Conn.  Acad.  fSci.,  XI,  p.  388,  PI.  lv,  fig. 

69;  PL  Lvi,  figs.  76-78;  PI.  lxiv,  figs.  147,  149. 

1905.  Cynthia  (Styela)  partita  Conklin,  Joum.  Acad.  Nat.  Sci.    Philadelphia,  (2) 

XIII,  pp.  1-118,  Pis.  i-xn  (Embryology). 

1906.  Styda    fariiia   Ber.nie   and   Wiseman,   Froc.   Zool.   Soc.   London,   p.  34, 

figs.  7,  9. 
1909-1911.     Tethyum  partitum  Hartmeyer,  Bronn's  *Tier-reich,*   III,   suppl.,   pp. 

1359,  1619/ 
1912.     Tethyum  partitum  Hartmeyer,  Denk.  Akad.  Wiss.  Wien,  math-nat.  Kl., 

LXXXVIII,  p.  191. 

1912.  Tethyum  partitum  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV,  p.  556, 

PI.  Lix,  figs.  94,  95;  PI.  lx,  fig.  97;  PI.  lxix,  fig.  141;  PI.  lxxi,  fig.  153; 
text  fig.  32. 

1913.  Styela  partita  Sumner,  Osbum  and  Cole,  Bull.  U.  8.    Bureau  of  Fisheries, 

XXXI,  pp.  155, 158-160, 729, 730;  chart  192. 
1913.    Styela  partita -\-  S,  variabilis  Huntsman,  Zool.  Anzeiger,  XLI,  pp.  488-490, 
text  figs.  4,  9. 

1915.  Styela  partita  Michaelsen,  'Beitr.  Meeresfauna  We^tafrikas,*  I,  pp.  385-388. 

1916.  Styela  partita  Hartmeyer,  Sitzungsher.  Gesell.  natur.  Freunde,  Berlin,  ann. 

1915,  pp.  398,  399. 
1916.    Styela  partita  Pratt,  'Manual  Common  Invert.  Anim.,'  p.  666,  text  fig.  1009. 
1918.     Styela  partita  Michaelsen,  Jahrh.  Wiss.  Anst.,  Hamburg,  XXXV,  suppl.  2, 

pp.  33,  34,  35. 
For  other  references  and  synonyms  see  Van  Name,  1912,  p.  556;  Hartmeyer, 

1912,  p.  191. 

Form  of  body  largely  dependent  on  whether  the  animal  is  attached 
singly  or  in  a  crowded  group  of  several  or  many  individuals.  In  the 
former  case,  the  body  may  be  attached  by  nuich  of  the  ventral  surface 
and  the  branchial  aperture  situated  on  the  dorsal  surface  slightly  back 
from  the  anterior  end;  in  the  latter  case,  the  body  is  often  attached  by 
onlv  a  small  area  near  the  posterior  end  and  the  branchial  aperture  is 
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situated  at  the  anterior  end.    The  atrial  aperture  is  on  the  dorsal  sur- 
face rather  near  the  branchial  aperture  in  either  case.    When  so  situated 
as  to  grow  symmetrically,  the  body  is  ovoid,  smaller  at  the  anterior  end 
and  not  much  compressed  lateraUy ;  the  apertures  are  on  conical  papilte. 
Body  surface  more  or  less  rough  and  wrinkled,  and  raised  into  minute 
irregular  elevations.      The  surface  becomes  rougher  and  the  furrows 
coarser  and  more  conspicuous  toward  the  anterior  end.    On  and  about 
the  papillse  bearing  the  apertures,  the  furrows  usually  become  replaced 
by  rounded  wart-like  elevations.   Color  dirty  yellowish  or  grayish  brown, 
more  or  less  tinged  during  life  with  red,  red-brown,  or  purplish,  especially 
toward  the  anterior  end  and  about  the  apertures,  which  may  exhibit 
radial  white  markings;  some  specimens  are  red  or  reddish  all  over.  Test 
coriaceous,  usually  of  a  somewhat  fibrous  texture,  rather  thin  on  the 
posterior  part  of  the  body,  thicker  on  the  anterior  part. 

On  the  New  England  coast  it  reaches  a  length  of  30  mm.,  but  the 
specimens  from  southern  localities  (Florida  and  Porto  Rico)  appear  to 
average  smaller,  rarely  exceeding  20  mm.  in  length. 

Mantle  thin,  its  musculature  light;  the  superficial  muscles  fonn an 
almost  continuous  sheet ;  the  deeper  muscles  are  gathered  into  imperfect 
bands  radiating  from  the  bases  of  the  tubes. 

Tentacles  40  to  50  in  large  individuals;  of  several  sizes  arranged 
with  a  varying  degree  of  regularity. 

Dorsal  tubercle  quite  variable;  of  some  modification  of  the  TI  or 
horseshoe  form;  the  open  interval  forward  or  more  or  less  to  the  left, 
and  one  or  both  of  the  horns  usually  incurved  but  not  spirally  coiled. 

Dorsal  lamina  plain-edged. 

Branchial  sac  with  four  folds  on  each  side  separated  by  rather  broad 
flat  intervals.  The  first  and  third  folds  are  the  highest.  Transverse 
vessels  slender,  of  four,  in  some  places  five  orders,  often  quite  regularly 
distributed,  the  smallest  crossing  without  interrupting  the  stigmata. 
Internal  longitudinal  vessels  slender,  quite  close  together  on  the  folds, 
but  separated  by  from  five  to  eight  stigmata  (near  the  endostyle  by  still 
larger  numbers)  on  the  flat  intervals  between  folds.  Distribution  of  the 
internal  longitudinal  vessels  in  a  fairly  large  individual : 

Left  side 
dl  2  (18)  3  (14)  3  (16)  4  (10)  2  en 

Rght  side 
dl  4  (17)  4  (13)  4  (15)  4  (8)  2  en 
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Fi^.  98-101.    Slyda  partita  (Stimpson),  1852 

Kc.M.    Left  aod  ricbt  Mm  of  body.  X  2.     Fi«M.     Donl  tubercle.  X  IZ.     Fla.  100.    Oaiud 
o(«aiwUuidiTidiwl.X«iV    Fii.  101.    Fart  of  bnnchul  lu,  X  14. 
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Stomach  only  moderately  elongate,  its  wall  with  about  20  to  30 
longitudinal  folds.  Margin  of  anus  lobed  to  a  varying  extent  in  differeDt 
individuals;  sometimes  merely  sinuous. 

The  best  distinguishing  character  of  the  species  is  furnished  by  the 
gonads  which,  owing  to  the  thinness  of  the  mantle,  are  usually  distinctly 
visible  when  the  animal  is  removed  from  its  test.    There  are  two  on  each 
side,  each  consisting  of  a  tubular  more  or  less  sinuous  ovary,  narrowed  to 
a  neck  at  its  dorsal  end,  where  the  opening  for  the  discharge  of  the  eggs 
is  situated.   Each  ovary  is  surrounded  by  a  varying  number  of  small  mak 
glands  which  are  distributed  around  the  ventral  end  of  the  ovary  and 
along  its  sides,  except  toward  the  dorsal  end.    The  male  glands  lie  at- 
tached to  the  mantle  a  little  way  removed  from  the  ovary  (Fig.  100). 
Each  one,  when  large,  is  of  elongate  and  generally  irregularly  bent  fonn 
and  more  or  less  branclied;  small  ones  are  of  simpler  outline.    A  slender 
sperm  duct  leads  from  each  to  the  unattached  surface  of  the  ovary,  where 
those  of  the  several  male  glands  unite  to  a  common  sperm  duct  running 
along  the  free  surface  of  the  ovary  and  ending  in  a  papilla  beside  the  neck 
of  the  latter.    Toward  the  dorsal  ends  of  the  ovaries  the  male  glands  b^ 
come  smaller,  fewer,  and  simpler  in  outline.    Often  they  are  wanting 
entirely  along  the  dorsal  half  ot  the  ovaries. 

This  is  a  well-known  and  widely  distributed  form  which  has  been 
described  under  several  different  names.  It  is  a  close  ally  of  S.  canopw 
Savis^ny,  1816.  On  the  American  coast  it  ranges  from  Massachusetts 
Bay  to  Florida  and  the  West  Indies  (Cuba  and  Porto  Rico) ;  on  the  other 
side  of  the  Atlantic  it  ranges  from  the  British  Islands  to  the  tropical 
part  of  West  Africa  (specimens  in  American  Museum),  including  the 
Cape  Verde  Islands  (Rennie  and  Wiseman,  1906),  and  occurs  in  the 
Mediterranean  and  Adriatic.  At  Bermuda  it  is  represented  by  a  local 
race  (see  below).  It  is  an  inhabitant  of  very  shallow  water,  all  the  mate- 
rial examined  being  from  depths  of  not  more  than  15  fathoms. 

By  the  American  Museum  expeditions  to  Porto  Rico,  it  was  col- 
lected from  the  piles  of  wharves  and  mangrove  roots  in  Guanica  Harbor, 
growing  in  large  clumps  with  mussels,  barnacles,  bryozoans,  ascidians 
of  other  species,  etc.    It  was  also  obtained  at  Santurce  near  San  Juan, 
and  off  Tallaboa  Bay  where  it  was  dredged  in  6  to  11  fathoms  (one  small 
specimen).    Examples  from  the  South  Carolina  coast,  both  coasts  of 
Florida,  and  from  Cuba  (Cienfuegos  and  Las  Arroyas)  were  also  in  the 
collections  studied. 
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Styela  partita  bermudensis  Van  Name,  1902 

1901.  Styela  partiUi-\'S.  canopoidee  VerrUl,  Trans.  Conn.  Acad.  Sci.,  X,  pp.  588,  589; 

XI,  PI.  IX,  figs.  8a,  86,  8c. 

1902.  Styela  partita  variety  bermudeneia  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI, 

p.  388,  PL  Lv,  figs.  70-75;  PI.  lxiii,  figs.  142, 143. 
1909-1911.     Tethyum  partitum  variety  bermiidense  Hartmeyer,  Bronn's  *Tier-reich,' 
III,  suppl.,  pp.  1359, 1633. 

Bermuda  specimens  of  partita  do  not  present  any  differences 
in  internal  structure  from  the  typical  form.  The  test  is  usually  thicker 
and  of  a  more  cartilaginous  character,  and  more  translucent;  the  colors 
are  generally  brighter,  usually  a  warm  brownish  yellow  or  reddish 
yellow,  becoming  rich  brown  or  red  on  the  upper  surface,  especially 
about  the  apertures,  which  may  exhibit  radial  white  striping  such  as 
sometimes  occurs  also  in  the  typical  variety.  These  distinguishing  char- 
acters are  certainly  not  of  great  importance  but,  considering  its  isolated 
habitat,  the  form  may  possibly  be  worthy  of  recognition  as  a  geographical 
race. 

The  type  is  in  the  Yale  University  collection. 

StyeU  plicaU  (Lesueur),  1823 
Figures  102-105 

1823.    Ascidia  plicata  Lesueur,  Joum.  Acad.  Nat.  Sci.  Philadelphia,  III,  p.  5,  PI. 

lu,  fig.  b. 
1843.    Aecidea  plicaU  DeKay, ' Zool.  New  York,'  V, '  Mollusca,'  p.  259. 
1877.     Styela  gyrosa  Heller,  Sitzungsber.  Akad.  Wiss.  Wien,  XXXVII,  p.  255,  PI. 

Ill,  figs.  7-12;  PI.  IV,  figs.  1-8. 

1881.  Styela  gyrosa  Herdman,  Proc.  Royal  Soc.  Edinburgh,  XI,  p.  76. 

1882.  Styela  gyrosa  Herdman,  'Rep.  Voy.  Challenger,  Zool.,'  VI,  p.  155. 

1883.  Styela  plicata  Traustedt,  Vidensk.  Meddei.  natur.  For.  Kjobenhavn,   ann. 

1882,  pp.  123, 134,  PL  v,  fig.  6;  PI.  vi,  fig.  16. 
1883.    Styela  plicata  Traustedt,  Mitt.  Zool.  Stat.  Neapel,  IV,  p.  478,  PI.  xxxvi, 

fig.  12. 
1885.     Styela  plicata  Traustedt,  Vidensk.  Moddel.  natur.  For.  Kjobenhavn,  ann. 

1884,  p.  44. 
1891.    Styela  plicata  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII,  p.  581. 
1900.     Styela  plicata  Metcalf,  Zool.  JahrbUcher,  Anat.,  XIII,  p.  516,  PI.  xxxvi, 

figs.  24,  25. 
?1900.  Styela  species,  Wilson,  Amor.  Naturalist,  XXXIV,  p.  354. 
1905.    Styela  pUcata  Hartmeyer,  Zool.  JahrbUcher,  Syst.,  VIII,  suppl.,  p.  384. 
1909-1911.     Tethyum  plicatum  Hartmeyer,   Bronn's  'Tier-reich,'   III,  suppl.,   pp. 

1359,  1630. 
1912.     Tethyum  plicatum  Hartmeyer,  Denk.  Akad.  Wiss.  Wien,  math.-nat.  Kl., 

LXXXVIII,  p.  192. 
1912.     Tethyum  plicatum  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV,  p.  569, 

Pl.LXii,figs.  104, 105;  PI.  LXIII,  fig.  108;  PI.  lxviii,  fig.  136,  text  fig.  36. 
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1912.  Styela,  plicatay  Huntsman,  Contrib.  Canadian  Biol.,  p.  149. 

1913.  Styela  plicata  Huntsman,  Zool.  Anzeiger,  XLI,  pp.  489,  497,  text  fig.  13. 
1916.    Styela  plicata^  Redikorzew,  'Faune  Russ.,  Tunicata,'  part  I,  p.  197,  PI.  v, 

figs.  1,2,  text  figs,  37,38. 
1918.    Styela  plicata  Van  Name,  Bull.  U.  S.  Nat.  Mus.,  No.  100, 1,  p.  88. 
1918.    Styela  plicata  Michaeben,  Jahrb.  Wiss.  Anst.,  Hambiurg,  XXXV,  suppl.  2, 

p.  36. 
For  other  synonyms  and  references  see  Hartmeyer,  1905. 

This  is  a  much  larger  species  than  S.  partita  and  is  very  variable  in 
external  appearance.  Sometimes  the  body  is  broader  in  the  anterior 
part  or  near  the  middle  and  narrowed  toward  the  posterior  end  by  which 
it  is  attached;  the  test  at  this  end  of  the  body  may  be  so  produced  thAt 
it  may  be  described  as  forming  a  short  stout  pedicel.  Some  specimens 
are  strongly  compressed  laterally,  others  scarcely  at  all.  In  other  ex- 
amples, the  general  outline  of  the  body  is  merely  oval  or  rounded  and 
attached  by  one  side  or  near  the  posterior  end. 

The  branchial  orifice  is  terminal  or  nearly  so,  the  atrial  a  little  way 
back  on  the  dorsal  side;  both  are  usually  surrounded  by  four  rounded 
eminences  corresponding  to  the  four  sides  of  the  square  aperture,  which 
lies  in  the  depression  between  them.  In  many  individuals  there  is  a  con- 
spicuous curvature  of  the  long  axis  of  the  body  by  which  the  apertures 
are  brought  towards  each  other  and  the  ventral  side  of  the  body  becomes 
more  convex. 

The  most  conspicuous  external  characters  of  the  species  are  furnished 
by  the  test  and  the  body  surface.    The  test  when  not  discolored  is  of 
a  dull  white  color,  quite  opaque  in  alcoholic  material,  but  more  or  less 
translucent  in  formaldehyde.    It  is  said  to  be  whitish  in  living  speci- 
mens also.    Except  for  a  trifling  amount  of  mud,  frequently  no  more  than 
sufficient  to  discolor  the  surface,  the  latter  is  usually  free  from  foreign 
matter,  though  ascidians  of  the  same  or  other  species  and  other  organ- 
isms sometimes  grow  upon  it.    In  some  individuals  the  surface  is  merely 
irregularly  furrowed;    or  there  are  a  few  conspicuous,  rather  widely 
separated  furrows  whose  direction  is  longitudinal  and  which  are  separated 
by  broad,  rounded  ridges  running  toward  the  apertures  and  ending  in  the 
eminences  surrounding  the  latter,  which  have  already  been  mentioned. 
In  many  individuals  the  ridges  are  broken,  especially  in  the  anterior 
part  of  the  body,  into  low  but  rather  large  dome-shaped  elevations,  giv- 
ing the  body  surface,  or  parts  of  it,  an  appearance  suggesting  a  coarse 
unevenly  laid  cobblestone  pavement.    Such  specimens  are  very  char- 
acteristic and  easily  recognized. 
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A  number  of  the  largest  Bpecimens  measured,  ranged  from  45  to  72 
nmi.  long  and  from  26  to  38  mm,  in  greatest  dorso-ventral  diameter. 

Mantle  of  only  moderate  thickness;  in  some  individuals  quite  thin. 
The  outer  layer  of  muscles  encircles  the  body  and  its  fibers  form  a  nearly 
continuous  sheet.   The  deeper  muscles  extend  from  the  tubes  toward  the 
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Figs.  102-105.    StyeU  jMcaU  (Lesueur),  1823 

Fla.  101.  L«(t  ud  riclit  iklH  of  bodr.  (liffatly  snlvfsd.  Ffi.  103.  TemuDal  put  of  ■  joud 
of  mn  iodiTidual  tUTiof  th«  ioouIb  eompu  (  ud  th«  tatna  of  utnprF  form,  X  16.  Pu.  104.  DonsI 
tnbwclB.  X  0.     Fi(.  lOS.    Termiiul  put  of  tb>  (ooiid  of  iw  individuiil  with  lu|b] j  dsrel^Hd  biuuililiii 

poeterior  end  of  the  body  and  are  gathered  into  distinct,  rather  closely 
placed  bands. 

Tentacles  difficult  to  count  in  the  material  studied  on  account  of  the 
contraction  of  the  strong  sphincter  muscles.  The  number  mentioned 
in  Traustedt's  (1S83)  description  (25  to  30)  seems  to  be  exceeded  in  many 
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of  the  Porto  Rican  specimens,  these  apparently  having  a  total  of  40  or 
more,  of  at  least  three  or  four  orders,  the  smaller  ones  being  irregular  in 
their  distribution  and  wanting  in  many  of  the  intervals. 

Dorsal  tubercle  C-shaped  with  the  open  interval  forward  and  the 
horns  strongly  inrolled  in  all  the  specimens  in  which  this  character  was 
studied. 

Dorsal  lamina  plain-edged. 

Branchial  sac  with  four  quite  sharply  defined  folds  separated  by 
rather  wide  flat  intervals.    The  first  three  folds  do  not  diflFer  greatly  in 
height  and  bear  over  20  internal  longitudinal  vessels  in  most  individuals. 
The  ventral  fold  is  somewhat  lower.    Transverse  vessels  numerous,  of 
at  least  five  orders  in  the  ventral  parts  of  the  sac,  the  smallest  crossing 
without  interrupting  the  stigmata.    They  are  stout  and  rather  closely 
placed,  and  so  prominent  upon  the  inner  surface  of  the  sac  that  the 
meshes  containing  the  stigmata  are  quite  deeply  depressed.    The 
presence  of  two  second-order  vessels  instead  of  one  between  two  first- 
order  vessels  and  other  similar  irregularities  may  be  observed  in  some 
parts  of  the  sac  in  many  individuals.    Internal  longitudinal  vessels  of 
rather  broad  flattened  cross-section;  they  are  noticeably  stouter  on  the 
flat  intervals  between  folds  than  upon  the  upper  parts  of  the  folds. 

Distribution  of  these  vessels  in  two  moderately  large  individuals: 

Left  side 

(a)  dl  2  (25)  5  (24)  7  (20)  6  (14)  5  en 

Right  side 
dl  5  (20)  6  (20)  8  (22)  7  (17)  6  en 

Left  side 

(b)  dl  2  (22)  6  (20)  5  (22)  4  (19)  3  en 

Right  side 
dl  5  (24)  7  (22)  6  (25)  5  (17)  4  en 

The  meshes  on  the  flat  portions  of  the  sac  between  the  folds  cont>ain,  for 
the  most  part,  from  six  to  nine  stigmata. 

Stomach  large,  more  elongate  than  in  S.  partita,  its  walls  with  from 
thirty  to  forty  longitudinal  folds,  which  do  not,  however,  show  very 
conspicuously  on  the  exterior  surface.  Intestinal  loop  large  but  propor- 
tionately narrow,  its  middle  part  extending  back  so  as  to  Ue  beside  the 
stomach.  Margin  of  anus  irregularly  lobed  in  some  individuals,  but 
only  slightly  sinuous  in  others. 

Gonads  usually  two  in  number  on  the  left  side,  one  anterior  to  the 
intestine,  the  other  extending  down  between  the  rectum  and  the  descend- 
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ing  part  of  the  intestine.  A  third  gonad  on  the  left  side  may  occasion- 
ally be  found .  On  the  right  side  the  number  of  gonads  is  variable ;  usually 
there  are  from  four  to  seven.  They  are  placed  with  their  necks  converg- 
ing toward  the  base  of  the  atrial  tube.  The  individual  gonads  vary 
greatly  in  size  in  the  same  individual,  even  when  fully  mature.  Some- 
times one  or  more  of  them  divides  into  two  branches.  Specimens  ob- 
tained at  Porto  Rico  afford  excellent  material  for  stud3dng  the  details  of 
the  structure  of  the  gonads  and  confirm  the  statement  of  Huntsman 
(1913,  p.  489)  that  this  species  is  a  typical  Styela  related  to  S.  ps^rtita. 
Each  gonad  consists  of  a  central,  elongate,  more  or  less  sinuously  curved 
ovary,  along  each  side  of  which  the  small  male  glands  are  arranged.  The 
sperm  ducts  follow  a  similar  course  to  that  described  above  in  S,  partita 
and  the  individual  male  glands  have,  as  in  that  species,  a  branching  form 
if  well  developed.  There  is,  however,  this  difference  in  the  arrangement : 
the  individual  sperm  ducts  leading  from  the  testes  are  comparatively 
short,  so  that  the  testes,  instead  of  lying  attached  to  the  mantle  at  a  little 
distance  from  the  ovary,  lie  close  against  or  more  or  less  upon  the  latter. 
The  testes  are  of  about  the  same  actual  size  as  in  S,  partita  but  much 
more  numerous. 

Fig.  105  represents  part  of  a  gonad  of  a  large  specimen  in  a  very 
well-developed  condition.  The  reader  must  not  expect  to  find  the  testes 
always  so  numerous  or  of  such  elongate  and  lobate  form  as  in  the  example 
there  shown.  In  many  specimens,  even  when  the  reproductive  organs 
are  adult  and  evidently  functional,  the  testes  are  merely  small  oval 
glands  not  much  divided  into  lobes,  lying  close  upon  and  against  or  even 
more  or  less  imbedded  in  the  ovary  (see  Fig.  103).  All  intermediate 
conditions  will  also  be  found. 

This  is  a  well-known  species,  widely  distributed  on  the  coasts  of  the 
warmer  parts  of  the  Atlantic,  Pacific,  and  Indian  Oceans,  including  the 
Mediterranean.  Lesueur's  type  specimen  was  from  Philadelphia  from 
the  bottom  of  a  ship  that  must  doubtless  have  come  from  some  more 
southern  port,  as  the  water  at  Philadelphia  is  too  fresh  for  it,  and  there, 
are  moreover,  no  other  records  from  the  American  coast  north  of  Fort 
Macon,  near  Beaufort,  North  Carolina.  From  there  it  ranges  through 
Florida  (where  it  is  very  common  on  the  west  coast)  and  the  West  Indies 
(St.  Thomas,  St.  Croix,  St.  Vincent,  Cuba,  and  Porto  Rico)  to  Rio 
Janeiro  and  Montevideo  (Traustedt ,  1 883) .  It  is  a  shallow-water  species ; 
in  Guanica  Harbor  it  was  found  abundantly  on  wharf  piles  in  clusters 
containing  other  ascidians  as  well.  The  greatest  depth  recorded  for  any 
of  the  specimens  I  have  examined  is  15  fathoms  (off  the  South  Carolina 
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coast).  Wilson  (1900)  reports  a  large  Styeta,  "doubtless  Cynthia  viUsdi 
of  Stimpson'a  list,"  from  Beaufort,  North  Carolina.  The  number  of 
branchial  folds  given  by  Stimpson  shows  that  C.  vittata  Stimpson  is  not  a 
Styela.    Wilson's  species,  if  a  Styela,  was  probably  the  present  one. 

I  am  now  able  to  extend  the  recorded  range  of  this  species  to 
Bermuda  on  the  basis  of  a  specimen  in  the  National  Museum  collected 
at  Hamilton  in  1882. 

St70U  (Botrroreliis)  atlantlca  (Van  Name),  1912 
Figure  106 
1886.    Cynthia  partita  ("apparently")  Verrill,  Kept.  U.  S.  Comm.  Firfi  and  FiaherieB 
for  1883,  p.  529. 

1912.  TMyum  atUntimm,  Van  Name,  Proc.  Boston  8oc.  Nat.  Hiflt.,  XXXIV,  p. 

552,  PI.  ux,  figB.  92,  93;  PI.  lx,  fig.  96;  H.  txviii,  fig.  135,  t«Jrt  fig.  31. 

1913.  Botryorehu  atlantiaa  Huntsman,  Zool.  Anteiger,  XLI,  pp.  498,  499.  text 

fig- 4. 


This  species  ntuch  resembles  Styela  partita  in  external  characters, 
but  averages  lar(!;er,  often  40  mm.  or  more  in  lenfrth,  and  has  a,  rougher, 
more  deeply  wrinkled  test.  In  internal  structure  it  is  distinguished  from 
that  species  by  the  very  much  more  numerous  internal  longitudinal  ves- 
sels, these  being  sometimes  40  on  a  fold  and  10  or  more  on  some  of  the 
flat  intervals;  also  by  the  arrangement  of  the  gonads.  The  ovaries, 
numbering  two  on  each  side,  are  Kimilar  to  those  of  S.  partita,  but  the 
male  glands  are  ^mall,  roundexl  or  pyriform  bodies,  forming  several 
compact  clustei-s  grouped  around  the  dorsal  or  ventral  ends  of  the 
ovaries,  instead  of  arranged  along  a  considerable  part  of  the  sides  of  the 
latter. 
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Other  details  given  in  the  original  description  will  not  be  repeated 
here,  as  this  species  is  only  known  from  moderately  deep  water  (62  to 
397  fathoms)  far  off  the  coast  of  southern  New  England  and  the  Middle 
States,  chiefly  between  38*^  and  40'  N.,  and  69°  and  73°  W. 

It  has  been  made  the  type  of  a  genus  (Botryorchis)  by  Huntsman 
(1913)  but,  while  his  group  is  a  natural  one,  the  rank  of  a  section  of 
Siyela,  would  seem  suflBcient  recognition  to  give  it  on  account  ot  the  small 
differences  distinguishing  it  from  the  more  typical  members  of  that  genus. 

For  further  particulars  see  Van  Name,  1912.    Additional  stations 
for  this  species  not  recorded  in  that  article  are : 
Station  2198,  Steamer  Albatross  (39°  56'  30"  N.,  69°  43'  20"  W.,  84 

fathoms,  sand  and  broken  shells)  and 
Station  2031,  Steamer  Albatross  (39°  29'  N.,  72°  19'  55"  W.,  74  fathoms, 

gray  mud  and  black  and  white  sand). 

P3rurid8B  Hartmeyer,  1908 

[  =  CYNTHiiDiB,  HALOCYNTHiiDiB  auct.  plur.  and  TETHYiDiB  Huntsman, 

1912] 

Simple  ascidians  having  the  branchial  sac  with  longitudinal  folds  (usually  five  to 
eight  or  more  on  each  side)  and  generally  with  compound  tentacles  and  straight  stig- 
mata.   No  kidney.    Dorsal  lamina  variable,  asually  repla<*eti  by  a  row  of  languets. 

TiTHTUM  Bohadsch,  1761 

[Proposed  nomen  conservandunif  HalocyrUhia] 

In  the  most  recent  classification  this  is  restricted  to  those  species  of 
the  former  genus  HalocyrUhia  having  the  gonads  with  several  separate, 
more  or  less  parallel  flask-shaped  ovaries,  the  external  body  surface  more 
of  less  minutely  spiny,  and  the  stigmata  longitudinal.  Dorsal  lamina 
replaced  by  a  row  of  languets. 

Tethyum  microspinosuin,  new  species 

(HalocyrUhia  microspinosa  under  proposed  system  of  nomina  conservanda) 

Figures  107-111 

The  following  description  is  based  on  only  one  specimen. 

Body  irregularly  oval,  not  much  compresi^ed  laterally,  somewhat  con- 
tracted in  the  ventral  region  where  it  is  attached  by  a  small  area  to  a 
piece  of  coralline;  the  apertures,  both  four-lobed,  are  widely  separated 
(8  mm.  apart),  both  situated  on  the  dorsal  aspect ,  and  scarcely  prominent 
on  the  external  surface.  DimenFions  17  mm.  long,  17  mm.  in  dorso- 
ventral  diameter,  9  mm.  from  side  to  side.    Test  yellowish  brown,  opaque, 
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its  surface  free  from  adherent  matter,  but  uneven  with  many  small  and 
low,  rounded  elevations,  scarcely  prominent  enough  to  be  termed 
papillse  except  on  the  dorsal  region,  where  they  become  small  wart- 
like prominences  about  2  mm.  in  diameter  and  nearly  as  much  in  height 
in  some  cases.  Everywhere  the  test  is  covered  with  spiny  projections  so 
minute  as  to  be  visible  only  on  magnification.  They  are  short  andstiflf 
and  taper  to  a  sharp  point,  giving  the  surface  a  rough,  coarse,  velvety 
appearance;  about  the  apertures  there  are  larger  ones  that  bear  a  few 
lateral  branches,  also  pointed,  but  these  are  very  short.  In  many  places 
these  minute  spines  arise  from  the  siuf ace  in  small  circular  tufts  of 
about  half  dozen;  they  are  not,  however,  borne  on  r^ular  rounded  eleva- 
tions as  in  the  case  of  the  allied  species  T.  pyrifonne  Rathke,  1806,  of 
arctic  waters.    These  tufts  have  no  central  or  axial  spine,  and  in  some 
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Fig.  107.     Tethyum  microspinoaum,  new  8f)ecie8 

Right  and  left  aides  of  body,  X  3.2. 

cases,  particularly  on  the  papillse  of  the  dorsal  region,  they  are  raised  on  a 
short,  thick  pedicel,  from  whose  summit  they  radiate  out  like  the 
tentacles  of  a  minute  actinian.    It  must  be  understood  that  all  these 
spines,  with  the  exception  of  the  larger  branched  ones  about  the  apertures, 
which  attain  in  a  few  cases  a  length  of  nearly  1  mm.,  are  exceedingly 
minute.    At  the  inner  margin  of  the  apertures  the  large  spines  cease 
abruptly,  and  are  replaced  by  small,  simple,  appressed,  sharp  thorns 
with  the  point  directed  outward,  which  cover  the  test  lining  the  distal 
part  of  the  tubes.    These  decrease  in  size  from  the  outer  toward  the 
inner  end  of  the  tube. 

Mantle  rather  thin;  many  strong  muscle  bands  extend  down  on 
the  side  of  the  body  from  the  base  of  the  tubes,  those  from  the  two  tubes 
crossing  each  other  on  the  sides  to  form  a  network  with  small,  nearly 
square  meshes.    This  network  is  crossed  by  an  external  loosely  formed 
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layer  of  slender  fibers,  not  gathered  into  very  well-defined  bands,  whoee 
direction  is  mainly  longitudinal. 

Tentacles  rather  few;  the  large  ones  number  about  12  and  are  twice 
pinnate;  the  branches  arc  rather  few  and  short,  their  tips  not  enlarged; 
smaller  sizes  of  tentacles  are  also  present  but  are  not  numerous. 

Dorsal  tubercle  C-shaped,  the  open  interval  narrow  and  directed 
toward  the  left;  the  horns  are  incurved  but  not  inrolled. 

Dorsal  lamina  replaced  by  a  series  of  narrow  languets. 

109 


Figs.  lOS-110.     Tethyum  microspinosam,  new  species 
F1|.  108.    Dond  tubarda,  X  IB.    Fig.  lOS.     Intiatiiul  loop  ud  loiwd*  Men  rrom  nde  oait  to 
bncdualuc,  X  S.     Fit.  UO.    One  at  tha  larier  tsnUclaa.  X  2fi. 

Branchial  sac  of  very  delicate  structure,  with  nine  folds  on  each  dde. 
Folds  very  high,  bearing  nimierous  very  thin  internal  longitudinal  ves- 
sels, the  folds  are  separated  by  narrow,  flat  intervals  which  they  entirely 
conceal  when  lying  flat.  Transverse  vessels  of  four  or  five  orders  quite 
regularly  placed.  Internal  longitudinal  vessels  distributed  about  as  in 
the  following  scheme : 

Right  side 
dl  2  (15)  2  (21)  2  (24)  3  (25)  3  (23)  3  (21)  3  (18)  3  (16)  2  (12)  1  en 
In  this,  when  a  vessel  is  at  the  base  of  a  fold,  it  has  been  counted  as  be- 
lon^ng  to  the  fold,  not  to  the  fiat  part  of  the  sac.  There  are  many  cases 
where  either  course  would  seem  equally  well  justified.  On  the  left  side 
the  arrangement  is  similar  except  for  the  last  fold,  which  is  much  reduced 
and  bears  but  few  vessels.  There  are  about  eight  or  nine  stigmata  in  the 
larger  meshes  on  the  flat  parts  of  the  sac.  The  stigmata  are  crossed  in 
most  places,  without  being  interrupted,  by  very  minute  transverse  vessels. 

Digestive  tract  forming  a  rather  small  but  fairly  wide  loop;  the 
difital  branch  bends  down  so  as  to  nearly  touch  the  stomach,  then  turns 
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abruptly  dorsally ,  forming  a  rather  short  rectum  ending  in  an  inconspicu- 
ously lobed  aperture;  cesophagus  short  and  curved;  stomach  short; 
on  the  aspect  toward  the  branchial  sac  it  bears  an  extensive  hepatic 
organ  consisting  of  about  25  leaf-like  longitudinal  folds.  On  the  pyloric 
part  of  the  stomach  these  folds  are  plain-edged;  on  the  cardiac  half  of 
the  stomach  their  projecting  edges  bear  small  papilla-like  or  short  tubular 
projections.  The  organ  has  thus  a  very  different  appearance  on  the  two 
parts  of  the  stomach. 

Gonads  very  well  developed  on  the  left  side  but  wanting  on  the  right 
side  of  the  body.  Whether  their  absence  there  is  a  normal  character  or 
merely  an  individual  peculiarity  cannot  be  determined  until  more 
specimens  are  available.  In  view  of  the  close  correspondence  of  the 
animal  to  the  other  species  of  the  genus  Tethyum,  which  have  gonads  on 
both  sides,  I  am  not  inclined  to  attribute  too  much  importance  to  their 
absence  in  this  form,  even  should  it  prove  to  be  a  normal  character  of  the 
species.^  In  this  specimen  there  are  five  crooked  tubular  or  flask-shaped 
ovaries  whose  blind  ventral  ends  Ue  within  the  intestinal  loop;  their 
dorsal  ends  leave  the  mantle  and  Ue  across  and  attached  to  the  distal 
branch  of  the  intestinal  loop  on  the  inner  aspect  o{  the  latter,  that  is, 
on  the  side  toward  the  branchial  sac.  The  testes  are  very  numerous. 
They  are  small,  oval  or  pear-shaped,  or  in  some  cases  lobed  or  branched 
bodies;  they  lie  between  the  ovaries  and  spread  also  over  the  adjacent 
parts  of  the  intestinal  loop,  some  of  them  extending  around  to  the  ex- 
ternal aspect  of  the  intestine  (the  side  next  to  the  mantle).  There  are 
several  small  endocarps  in  the  area  inclosed  by  the  intestinal  loop. 

The  type  and  only  example  in  the  collection  (Cat.  No.  305,  Amer. 
Mus.  Nat.  Hist.)  was  found  in  a  jar  with  a  mixed  lot  of  specimensof 
various  classes  or  animals.    No  locality  was  recorded,  but  from  other 
material  in  the  jar  it  seems  most  probable  that  all  the  specimens  in  the 
lot  came  from  Andros  Island,  Bahamas.    Under  these  circumstances,  it 
can  be  only  doubtfully  included  in  the  West  Indian  list,  although  the 
presence  of  a  member  of  this  genus  (T.  papillosum  Linnseus,  1767)  in 
the  Mediterranean  and  another,  T.  spinosum  (Sluiter),  1905,  in  the  Red 
Sea,  would  seem  to»render  its  representation  in  the  West  Indies  probable. 

It  is  not  impossible,  in  view  of  their  close  correspondence  in  many 
characters,  and  of  the  several  species  common  to  the  Red  Sea  and  the 
West  Indies,  that  are  already  known,  that  this  species  may  prove  to  be 
identical  with  the  above-mentioned  one  from  the  Red  Sea,  but  until 


'Michaolsen,  1919,  p.  20  records  a  similar  instance  in  the  Red  Sea  species. 
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more  material  becomes  available,  that  question  cannot  be  definitely 
decided  (see  Michaelsen,  1919,  p.  10,  for  description  of  T.  spinosum). 

Ptu&a,  Molina,  1782 

[  =  Cynthia  s.  Halocynthia  (part)  auct.  plur.] 

This  is  the  largest  genus  of  the  family,  separable  from  Tethyiun  by  the  elongate, 
longitudinaUy  placed  gonads,  usually  one  (less  often  two)  on  each  side  of  the  body. 
Dorsal  lamina  replaced  by  a  row  of  langueta.  External  body  surface  rough  but  usuaUy 
not  spiny. 

Pyura  vittata  (Stimpson),  1852 

Figures  112-122 

1852.     Cynthia  viUata  Stimpson,  Proc.  Boston  Spc.  Nat.  Hist.,  IV,  p.  230. 

1860.     Cynthia  vittata  Stimpson,  Amer.  Joum.  Sci.,  (2)  XXIX,  p.  443. 

1878.     Cynthia  laevigata  Heller,  Sitzungsber.  Akad.  Wiss.  Wien,   math.-nat.  Kl., 

LXXVII,  p.  93,  PL  II,  fig.  11. 
1883.     Cynthia  riiseana   Traustedt,   Vidensk.   Meddel.   natur.   For.    Kjdbenhavn, 

ann.  1882,  pp.  118, 132,  PI.  v,  fig.  13;  PI.  vi,  fig.  19. 
1891.     Cynthia  laevigata -\-C.  riisiana  Herdman,  Joum.  Linn.  Soc.  London.  Zool., 

XXIII,  p.  577. 
1898.     Cynthia  laevigata  (?)  Sluiter,  M^m.  Soc.  Zool.  France,  XL,  p.  20,  PI.  ii,  fig.  24. 
1900.     Haloq/ntkia  rubHabia  +H.  riiseana  VerriU,  Trans.  Conn.  Acad.  Sci.,  X,  pp. 

589,  590,  fig.  7. 
1902.     Halocynthia  rubilabia-^H.  riiseana  variety  munita  Van  Name,  Trans.  Conn. 

Acad.  Sci.,  XI,  pp.  393,  394,  Pl.  lvi,  figs.  83,  84;  PL  lvu,  figs.  85-87, 90; 

PL  Lxii,  fig.  133;  PL  lxiit,  fig.  141;  PL  lxiv,  figs.  150, 152. 
1906.     Halocynthia  rubilabia    Rennie  and  Wiseman,  Proc.  Zool.  Soc.  London,  ann. 

1906,  p.  404,  PL  LXIV,  figs.  1-6,  8. 
1908.     Halocynthia  riisearia   Hartmeyer,  Year  Book  Carnegie  Inst.,  Washington. 

VI,  p.  111. 
1909-1911.     Pyura  l3nngata-\'P.  riiseana+P.  ruhrilahia  Hartmeyer,  Bronn's  *Tier- 

reich,'  III,  suppL,  pp.  1340-1342,  1629,  1633. 
See  also  note  on  the  C.  vittata  Stimpson  reported  by  Wilson  (1900),  on  p.  440  of 
this  article. 

After  the  study  of  a  considerable  amount  of  material  from  a  wide  range 
of  localities,  I  have  come  to  the  conclusion  that  all  the  above  forms,  if  not 
also  some  others,  should  be  regarded  as  representing  one  species,  which, 
though  exceedingly  variable,  does  not  seem  to  be  divisible  upon  the  basis 
of  any  constant  and  reliable  characters. 

External  form  and  characters  so  varied  that  it  is  practically  impos- 
sible to  give  any  description  covering  them;  often  the  species  can  be 
recognized  only  on  dissection.  Body  more  or  less  oval,  but  often  very 
irregularly  so,  sometimes  laterally  compressed,  sometimes  not.  Attach- 
ment variable,  occasionally  by  the  whole  of  the  ventral  surface,  in  other 
examples  by  a  larger  or  smaller  area  at  or  near  the  posterior  end  (which 
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may  be  produced  into  a  very  short  extension  or  peduncle),  or  by  an  area 
on  one  side.  Apertures  square,  generally  rather  far  apart,  raised  on 
papillse  which  in  some  specimens  are  produced  into  more  or  less  elongate 
tubes. 

Test,  especially  in  old  specimens,  tough  and  opaque,  sometimes  re- 
markably so,  and  often  much  wrinkled.  The  wrinkles  and  folds,  though 
separated  by  narrow  sharply  defined  furrows,  generally  have  the  upper 


Figa.  113  and  114.    Pgura  iHtUta  (StimiiwiO.  IM'i 

Fwlia.     Ull  and  ri^l  (idaa  or  ■  lurie  iDdlTidiwI,  ilichtly  Milucad.     FiglH.    S>nip.  unallin- 
.lividiHllrnm  Bfniiwladolypeaf  Tuitly  ntintli  VanNktiifl.  leOX.  X  l.U. 

edge  rounded.  The  outer  body  surface  may  be  incrusted  with  sand  or 
shell  fragments,  or  overgrown  by  other  organisms,  or  be  nearly  clean; 
around  the  apertures  the  surface  is  usually  more  or  less  nodulose.  The 
freflh  Hpeeimons  I  have  seen  are  generally  reddish  or  reddish  brown,  the 
color  becoming  more  intense  (often  bright  red)  near  the  apertures;  the 
color  is  often  obscured  or  concealed  by  the  incrusting  material.  In 
preflervation  in  alcohol  the  colors  fade  to  a  dirty  yellowish  or  yellowish 
brown;   one  small    alcoholic  specimen  from  Pensacola,  Florida,  in  the 
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National  Museum  collection  is  a  bright  brassy  yellow  externally.  Hie 
inner  surface  of  the  test  is  more  or  less  pearly.  This  species  reaches  ft 
large  size;  a  specimen  from  Porto  Rico  measures  49  mm.  long  and  35 
mm.  dorao-ventrally;  one  in  the  Yale  University  collection  from  Fort 
Macon,  North  Carolina,  collected  by  Dr.  H.  C.  Yarrow  is  65  mm.  lone 
and  48  mm.  in  dorso-ventral  diameter. 


FigE.  115-122. 
Fin.  1I&-117.     Dona]  tut 
Aclst  of  an  individusl  Iron 


Fgura  viltaU  (»Ump8an),  1852 


20?  Obf 


.f  F.  rt^bnUbim  (Veirill).  1001, 


;  20.  Fu.  m 


Fie.  120.   Genitil»c  fully  diB(«ided  by  the  rwDductive^uilL 
Fik-  122.    C.enit.le»only|»rtIyGlleabyre|iroductiv(cludi. 


In  its  internal  characters  it  is  also  subject  to  individual  variation  lo 
an  unusual  degree. 

Mantle  with  numerous  narrow,  closely  placed  muscle  bands  which 
extend  down  on  the  sides  of  the  body  from  the  bases  of  the  tubes;  thoee 
from  the  twi)  tut>es  cross  each  other  obliquely  on  the  flanks.    Theee  afe 
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crossed  by  more  superficial  longitudinal  muscles  not  gathered  into  such 
definite  and  conspicuous  bands. 

Tentacles  rather  numerous,  usually  about  a  dozen  large  ones  and 
several  orders  of  smaller  and  less  branched  ones.  They  may  be  arranged 
with  some  degree  of  regularity.  Usually  the  large  ones  are  two  or  three 
times  compound  in  a  rather  regularly  pinnate  manner;  the  tips  of  the 
small  branches  were  little  if  at  all  enlarged  in  the  examples  studied.  In 
some  inc'ividuals  the  tentacles  are  less  well  developed,  even  the  largest 
being  mostly  of  simply  pinnate  tapering  form. 

Dorsal  tubercle  normally  with  a  U-shaped  or  C-shaped  aperture, 
the  open  interval  straight  or  obliquely  forward,  the  horns  inciured  or 
more  or  less  spirally  rolled,  or  sometimes  one  curved  inward  and  the 
other  outward,  but  in  large  and  old  individuals  the  aperture  may  have 
the  form  of  some  more  complex  and  often  very,  irregular  curve. 

Dorsal  lamina  represented  by  a  series  of  rather  narrow  pointed 
languets. 

Branchial  sac  normally  with  six  folds  on  each  side.  The  transverse 
vessels  are  of  four  or  five  orders,  the  smallest  crossing  the  stigmata. 
They  are  slender  and  numerous.  The  degree  of  regularity  in  the  distribu- 
tion of  the  several  orders  varies  in  different  individuals  and  in  different 
parts  of  the  sac  of  the  same  specimen.  The  internal  longitudinal  vessels 
are  very  slender,  and  generally  not  especially  numerous  in  moderate- 
.sized  individuals,  but  there  is  much  individual  variation  in  this  respect. 

In  a  fairly  large  specimen  they  had  this  distribution : 

Left  side 
•dl  4  (17)  4  (16)  5  (18)  5  (17)  4  (14)  4  (11)  5  en 

Right  side 
dl  5  (17)  5  (17)  4  (18)  5  (19)  5  (16)  5  (11)  5  en 

In  an  extremely  large  one : 

Left  side 
dl  4  (28)  5  (26)  5  (32)  6  (26)  4  (18)  4  (14)  3  en 

Right  side 
dl  5  (25)  4  (28)  5  (31)  5  (26)  6  (18)  5  (12)  3  en 

The  stigma  are  large  and  regular,  the  interstigmatic  vessels  slender. 
The  number  of  stigmata  in  the  meshes  bounded  by  the  transverse  and 
internal  longitudinal  vessels  averages  larger  in  large  than  in  young  and 
small  specimens,  but  aside  from  this,  it  appears  to  vary  individually  to  an 
unusual  degree.  On  the  flat  parts  of  the  sac  there  are  only  four  or  five 
(sometimes  only  three)  in  some  individuals,  while  in  others  there  are 
often  six  or  eight,  or  even  nine,  stigmata  in  a  mesh. 
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Digestive  tract  in  the  form  of  a  simple  loop  the  branches  of  which 
are  more  opened  out  in  some  specimens  than  in  others.   The  distal  branch 
of  the  intestine,  near  where  it  passes  the  stomach;  often  becomes  dis- 
tended with  mud  into  a  saccular  enlargement.  Rectum  usually  short,  its 
orifice  with  a  variable  number  of  rounded  lobes  which  are  not  always  well 
marked .   Stomach  long  and  narrow,  tapering  gradually  into  the  intestine 
at  the  pyloric  end.    Its  dorsal  and  lateral  aspects  are  covered  for  a  con- 
siderable distance  by  the  liver,  a  massive  organ  consisting  of  several 
main  lobes,  each  comprising  many  rounded  lobules  built  up  of  numerous 
short,  thick,  blunt-ended,  radially  disposed  secreting  tubules,  some  of 
which  divide  into  two  nearly  parallel  branches  (Fig.  121). 

There  is  a  large  gonad  on  each  side,  that  of  the  left  side  l3ang  witldn 
the  intestinal  loop.  Each  consists  of  an  elongated  oviduct  having  a 
curved  course  and  terminating  near  the  base  of  the  atrial  tube.  Along 
this  (on  each  side  of  it  and  connecting  with  it  by  very  short  lateral 
branches)  small  reproductive  sacs  are  located.  These  sacs  vary  in 
number  from  forty  to  fifty  on  each  side  (there  are  usually  more  on  the 
right  than  on  the  left)  to  a  dozen  or  less  on  each  side ;  when  fully  developed 
they  contain  a  central  ovary  surrounded  by  numerous  small  testes. 
If  partially  or  wholly  empty,  the  sacs  resemble  endocarps  in  their  char- 
acter and  irregular  shape;  if  fully  distended  by  the  development  of  the 
eggs  and  the  male  glands,  they  assume  a  more  nearly  spherical  form,  but 
may  bear  even  then  a  distal  endocarp-like  prolongation.  In  many 
individuals  there  is,  in  addition,  on  the  dorsal  side  of  the  intestinal  loop, 
a  conspicuous  row  of  endocarps,  some  of  which  may  develop  into  genital 
sacs  similar  to  those  of  the  gonads  just  described,  but  usuaUy  neither 
eggs  nor  male  glands  can  be  found  in  them. 

This  species  is  widely  distributed.    Stimpson's  type  was  from  North 
Carolina  (Oak  Island  Beach,  near  Smithville);  HeUer's  from  Jamaica; 
Traustedt's  from  Saint  Thomas;  Sluiter  (1898)  reports  specimens  from 
Gairaca  and  Santa  Marta,  Colombia,  and  Hartmeyer  (1908)  from  Tortu- 
gas,  Florida.    In  the  Yale  Museum  there  are  large  specimens  from  Fort 
Macon,  North  Carolina,  collected  by  Dr.  H .  C.  Yarrow.   It  is  conunon  at 
Bermuda  on  stones,  corals,  etc.    At  Porto  Rico  (where  it  does  not  appear 
to  be  very  common,  as  only  four  specimens  were  collected),  it  was  found 
in  shallow  water  along  the  shore  in  Guanica  Harbor  and  at  Parguera. 
and  one  was  dredged  in  5  fathoms  off  Guanica  Harbor.    The  National 
Museum  collection  adds  Cabanas,  Cuba,  the  Snapper  Banks  off  Pensa- 
cola,  Florida,  in  80  feet  depth,  and  the  Bahamas  to  the  list  of  locaUties. 
Stimpson^s  description  is  very  brief,  but  there  does  not  appear  to  be  any 
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other  species  on  the  North  Caroliiia  coast  to  which  it  can  possibly  apply. 
The  variety  munilA  described  from  Bermuda  does  not  seem  to  be  a  vaUd 
subspecies;  similar  specimens  occur  in  West  Indian  localities.  It  was 
based  on  small  individuals  covered  externally  with  shell  fragments  and 
having  but  few  genital  sacs.  Vcrrill's  rubrilabia,  also  from  Bermuda, 
was  based  on  individuals  with  a  thick,  tough  test,  with  the  internal 
longitudinal  vessels  close  together,  and  the  tentacles  pooriy  developed 
(mostly  simply  pinnate),  but  the  differences  appear  to  be  within  the 
range  of  the  great  individual  variation  to  which  this  species  is  subject. 

PyuTft  antlllarum,  new  species 
Figures  123-128 
Body  in  the  only  specimen  oblong  when  seen  from  one  side,  some- 
what compress^  laterally;   both  apertures  on  the  dorsal  surface,  the 
branchial  near  the  anterior  end,  the  atrial  near  the  middle  of  the  body. 


"23 


Both  are  four-lobed  and  raised  on  low  elevations;  between  them  a  large, 
irr^ular  ridge  of  test  substance  crosses  from  one  side  of  the  body  to  the 
other,  rising  to  a  much  greater  height  than  the  papillae  bearing  the  aper- 
tures. Whether  this  is  an  individual  pccuharity  or  abnormality,  or  is 
more  or  leas  characteristic  of  the  species,  cannot  be  determined  from  the 
mngle  specimen.  Attachment  of  the  body  apparently  by  a  small  area 
on  the  middle  of  the  ventral  surface.  Length  40  mm.,  dorso-ventral 
diameter  (exclusive  of  the  aIx)ve-mentioncd  transverse  ridge)  28  mm. 
Test  yellowish  gray,  fairly  thick,  tough  and  opaque,  with  many  narrow, 
deep,  sharply  defined  wrinkles  on  the  outer  surface;  these  arc  mainly 
longitudinal  on  the  dorsal  half  of  the  sides  of  the  Imdy,  but  elsewhere 
very  irr^nilar.  Body  surface  covere<l  with  sand  and  shells  of  foramini- 
fera.    Internally  the  test  is  slightly  pearly. 
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No  spicules  were  found  in  fragments  of  the  test  that  were  examiDed, 
but  spicules  are  present  in  large  numbers  in  the  mantle  and  vessels  of  tbe 
branchial  sac.  They  are  of  different  form  from  those  of  P.  pallida  and 
other  species  sometimes  separated  off  as  the  genus  Rhabdoq/nihiaf  being 
branched,  and  having  their  surface  apparently  smooth,  even  under  con- 
siderable magnification.  Spicules  having  only  three  or  four  branches  are 
usually  of  more  or  less  stellate  form,  the  branches  arising  from  a  common 
central  point;  in  the  case  of  those  with  more  branches  there  is  often  a 
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FigH.  124-128.     Pyura  aniiUarumy  new  species 

Fig.  124.  Body  removed  from  test,  showing  muscle  bands  on  mantle,  slightly  enlarged.  Fig.  125. 
Large  tentacles,  X  9.  Fig.  12o.  Part  of  stomach  and  liver,  X  3.5.  Fig.  127.  Spicules  from  mantle 
and  veraels  of  branchial  sac,  X  125.  Fig.  128.  Small  piece  of  branchial  sac  from  flat  part  b^ween 
two  folds,  X.22. 


short  central  stem  or  trunk  from  which  branches  arise  at  each  end  and  at 
intermediate  points.  The  branches  are  slender  and  tapering,  and  sug- 
gest in  appearance  those  of  a  deer's  antlers.  The  largest  spicules  that 
were  measured  were  0.15  to  0.18  mm.  in  extreme  diameter  to  the  tips 
of  the  branches. 

The  mantle  is  remarkable  for  its  conspicuous  network  of  rather 
narrow  but  prominent  muscle  bands.  About  fifty  of  these  bands  radiate 
from  each  of  the  tubes,  extending  down  on  the  sides;  those  from  the 
two  tubes  cross  each  other,  forming  square  or  diamond-shaped  meshes  of 
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considerable  size,  the  bands  radiating  from  the  branchial  aperture  being 
superficial,  and  crossing  outside  those  from  the  atrial  aperture.  A 
number  of  narrow  but  strong  circular  bands  surround  each  tube  and  the 
area  about  its  base;  these  are  superficial  to  the  radiating  bands.  The 
latter  fork  and  break  up  on  the  lower  part  of  the  flanks  into  smaller 
bands  which  taper  rapidly  off,  and  end  without  extending  across  or  on 
to  the  ventral  region;  there  the  mantle  is  thin  and  practically  without 
muscles. 

About  ten  tentacles  of  unequal  sizes  are  large  enough  to  be  regarded 
as  representing  the  first  two  orders.  They  are  long  and  narrow,  gradually 
tapering,  and  bear  a  narrow  membrane  and  a  fairly  large  number  of 
short  branches,  which  are  rather  sparingly  pinnately  branched.  The 
tips  of  the  small  branches  are  not  swollen.  Some  smaller  and  simpler 
tentacles  of  various  sizes  are  irregularly  distributed  in  the  intervals 
between  these  large  ones. 

Dorsal  tubercle  scarcely  at  all  developed;  the  orifice  of  the  duct  of 
the  neural  gland  is  merely  a  minute  and  inconspicuous  cleft.  This  may, 
however,  be  only  an  individual  peculiarity  or  abnormality  of  the  speci- 
men. 

Dorsal  lamina  represented  by  a  series  of  rather  long  narrow  languets.. 

Branchial  sac  with  six  rather  high  folds  on  the  left,  and  six,  or  pos- 
sibly seven,  on  the  right  side.  The  folds  diminish  fairly  regularly  in 
height  from  the  dorsal  to  the  ventral  one.  Approximate  distribution  of 
vessels  on  the  left  side : 

dl  1  (23)  3  (22)  4  (26)  4  (22)  5  (19)  5  (15)  5  en 

From  five  to  seven  stigmata  generally  intervene  between  adjacent 
internal  longitudinal  vessels  on  the  flat  parts  of  the  sac.  Though  in  the 
arrangement  of  its  vessels  the  branchial  sac  conforms  to  the  general  type 
found  in  P.  vitUUa  and  other  allied  species ,  it  is,  as  in  many  other  deep- 
water  ascidians,  of  very  delicate  structure.  The  transverse  vessels  are 
of  three  or  four  orders,  additional  very  slender  vessels  crossing  the  stig- 
mata are  present  only  in  a  few  places  and  for  short  distances.  The  trans- 
verse and  interstigmatic  vessels,  though  wide,  are  very  flat  in  cross-sec- 
tion; the  stigmata  are  small  and  narrow  in  most  parts  of  the  sac,  and 
the  appearance  of  the  wall  of  the  sac  is  rather  that  of  a  delicate  membrane 
pierced  by  the  stimgata,  not  of  a  structure  built  up  of  vessels.  The 
internal  longitudinal  vessels  are  also  of  very  flattened  cross-section,  and 
are  not  raised  on  supporting  papillse;  one  edge  is  in  close  contact  with  the 
inner  surface  of  the  sac. 
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The  digestive  tract  forms  a  small,  somewhat  transversely  placed, 
rather  narrow  loop,  situated  in  the  posterior  part  of  the  body.  (Eso- 
phagus rather  long  and  narrow.  Stomach  elongate,  tapering  gradually 
off  into  the  intestine;  it  bears  on  its  dorsal  and  median  aspects  five 
rather  loose  and  irregular  tufts  of  branching,  blunt-ended  hepatic  tubules. 
Rectum  moderately  long,  its  aperture  with  eight  bluntly  rounded  lobes. 

On  the  left  side  there  are  two  elongate  curved  gonads  partially 
divided  by  transverse  constructions  into  eight  or  ten  rather  distinct  8^- 
ments  that  are  irregular  in  outUne  and  prolonged  at  the  edges  into  sac- 
cular extensions  of  the  nature  of  endocarps.    The  genital  glands  occupy 
the  central  portions  of  the  segments,  but  when  in  a  more  active  func- 
tional condition  they  would  no  doubt  fill  them  more  completely.   The 
glands  contain  both  eggs  and  testes.    The  eggs  are  discharged  at  the 
posterior  end  of  the  gonad,  which  is  prolonged  into  a  short  oviduct  or 
neck  curved  so  as  to  be  directed  toward  the  atrial  tube.    The  ducts  from 
the  small  oval  or  pear-shaped  testes  can  be  seen  upon  the  free  surface 
of  the  ovary,  where  they  unite  (or  at  least  many  of  them  do)  to  fonn  a 
stout  common  sperm  duct  which  accompanies  the  oviduct^.    One  of  the 
gonads  of  the  left  side  lies  in  the  intestinal  loop,  the  other  dorsal  to  it. 
On  the  right  side  there  is  but  one  gonad,  but  it  is  larger  and  stouter  than 
those  of  the  left  side. 

The  only  specimen  was  dredged  by  the  Steamer  Albatross  at  Station 
2750  near  the  north  end  of  the  chain  of  the  Lesser  Antilles  (18°  30' Nv 
63°  31'  W.,  496  fathoms,  fine  gray  sand).  This  depth  seems  to  be  the 
greatest  thus  far  recorded- for  this  genus,  though,  except  for  the  delicate 
structure  of  the  branchial  sac,  the  species  differs  little  from  the  shallow 
water  forms. 

Pyura  (Rhabdocynt  hia)  mom  us  form  pallida  (Heller),  1878 

Figures  129-136 

1878.     Cynthia   paUida   Heller.   Sitzungsber.   Akad.   Wiss.   Wien,   inath.-nat.  Kl., 
LXXVII,  p.  96,  PL  III,  figs.  17,  18. 

1881.  Cynthia  pallida  Herdraan,  Proc.  Roy.  Soc.  Edinburgh,  XI,  p.  60. 

1882.  ryN//iia  7)a//u/a  Herdman,  *  Rep.  Voyage  Challenger,'  Zool.,  VI,   p.  143,  PI 

XVII,  fig.s.  17-21. 

1883.  Cynthia  pallida  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kjobenhavn,  ann. 

1882.  pp.  119,  133,  PL  v,  fig.  12. 
1885.     Cynthia  pallida  variety  hillitonetMis  Sluiter,  Natuurh.  Tijdschr.  Neder.  Ind., 

XLV,  p.  183,  PL  I,  fig.  6:  PL  ii.  figs.  1-11. 
1885.     Cynthia  pallida  Trau.stedt,  Vidensk.  Meddel.  natur.  For.  Kj6V)cnhavn,  ann. 

1884,  p.  35. 
188().     Cynthia  pallida   (-\-C.  pallida  variety  hillitonen^'^)    Herdman,    *Rep.    Voy. 

C'liallenger.'  ZooL,  XIV,  App.  A.,  pp.  405,  406. 
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1890.  Cynthia,  pallida  variety  biUiionerms  Sluiter,  Natuurh.  Tijdschr.  Neder.  Ind., 

L,  p.  331. 

1891.  Rhabdocynthia  pallida  (part)  -{-R.  pallida  vsLuety  biUitonensis-i-R.  mauriiiana 

Herdman,  Joum.  Linn.  Soc.  London,  Zool.  XXIII,  p.  575. 
1898.    Rhahdocynikia  pallida  Sluiter,  M^m.  Soc.  Zool.  France,  XI,  p.  25. 

1904.  Rhabdocynthia  pallida  Sluiter,  'Siboga-Exped.,'  LVIa,  p.  54. 

1905.  HalocynJtkia    pallida    typica-\'H.    mauriiiana    Michaelsen,    Zool.     Jahrb., 

suppl.,  VIII,  p.  83. 
1905.    Haloq/nthia  pallida  Hartmeyer,  Zool.  Jahrb.,  suppl.,  VIII,  p.  384. 
1905.    Rhabdocynthia  paUida  Sluiter,  Bull.  Mus.  Hist.  Nat.  Paris,  1905,  p.  102. 

1905.  Rhabdocynthia  paUida  Sluiter,  M6m.  Soc.  Zool.  France,  XVIII,  p.  14. 

1906.  Rhabdocynthia  paUida  Herdman,  'Rept.  Ceylon  Pearl  Oyster  Fisheries,'  V, 

p.  308,  PI.  II,  figs.  36-^9. 
1906.    Halocynthia  pallida  Hartmeyer,  Zool.  Anzeiger,  XXXI,  p.  4,  text  fig.  2. 
1908.    Pyura  pallida  (form  typica)  Michaelsen,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXV, 

suppl.  2,  pp.  269,  270. 
1909-1911.     Pyura  paUida   (form   typica)   Hartmeyer,   Bronn's   *Tier-reich,'   III, 

suppl.,  pp.  1340, 1629. 
1912.     [Pyura]  paUida    Hartmeyer,    Denk.    Akad.    Wiss.    Wien,    math.-nat.    Kl, 

LXXXVIII,  p.  17. 

1912.  Pyura  paUida  Hartmeyer,  *Deutech.  Tiefsee-Exp.,'  XVI,  pp.  361,  363. 

1913.  Pyura  pallida  Hartmeyer,  Zool.  u.  anthropol.  Ergeb.  Forsch.,  SUdafrika,  V, 

p.  128. 
1918.     Pyura  paUida  Van  Name,  Bull.  U.  S.  Nat.  Mus.,  No.  100,  I,  p.  76,  PI.  xxxii, 
figs.  36-38;  text  figs.  1^25. 

1918.  Pyura  momue  form  paUida  Michaelsen,  Jahrb.  Wiss.  Anst.,  Hamburg,  XXXV, 

suppl.  2,  p.  10. 

1919.  Pyura  momuB  form  paUida  Michaelsen,  Denk.  Akad.  Wiss.   Wien,  math.- 

nat.  Kl.,  XCVII,  pt.  10,  pp.  34,  53. 
1921.     Pyura  momus  var.  paUida  Michaelsen,  Arkiv  for  Zoologi,  XIII,  No.  23,  p.  1 . 

Usual  form  of  the  body  rounded  or  oblong  somewhat  compressed 
laterally,  and  attached  by  a  small  ventrally  or  more  or  less  laterally 
situated  area.  Apertures  on  the  dorsal  side,  rather  widely  separated, 
often  raised  on  papillse. 

Test  moderately  thick,  opaque,  rather  soft  though  tough  in  fresh 
material,  and  remaining  soft  in  formalin,  but  becoming  harder  in  al- 
coholic specimens.  Surface  varying  from  uneven  and  wrinkled  to  rather 
smooth,  occasionally  overgrown  with  other  organisms.  Color  of  external 
surface  and  interior  of  test  usually  a  dull  white  (sometimes  tinged  with 
pink  about  the  apertures)  when  not  stained  or  incrusted  with  mud  or 
other  substances.  Size  sometimes  very  large;  55  by  45  mm.  in  longi- 
tudinal and  dorso-ventral  diameter  is,  however,  not  usually  exceeded  in 
the  West  Indies. 

The  species  is  most  readily  recognized  by  the  characteristic  spicules, 
present  chiefly  in  the  mantle  and  large  blood  vessels  of  the  branchial  sac. 
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FIr.  129.     Pyura  mmrijig  form  psUida  (Heller),  1S78 
Left  *nd  riftht  lids  of  bod^i  natunl  u*. 


1921]  Van  Namef  Ascidians  of  the  West  Indian  Region  457 

These  are  rod-like  or  needle-like,  very  variable  in  size  and  proportions, 
but  sometimes  2  nmi.  or  more  long  in  large  individuals.  They  taper 
x)ward  one  or  both  ends  and  are  usually  slightly  curved.  Under  magni- 
Scation,  their  surface  is  seen  to  be  covered  with  minute  appressed  points 
3r  spines  arranged  in  transverse  rings.  Somewhat  similar  spicules  are 
found,  though  less  abundantly,  in  the  test,  where  they  are  usually  very 
ihort,  stout  and  straight,  and  often  have  one  end  enlarged  into  a  head, 
the  other  being  either  blunt  or  pointed.  The  presence  of  these  spicules 
bas  led  some  writers  to  make  this  species  the  type  of  a  genus  or  sub- 
BCenus,  Rhahdocynthia. 

Mantle  thin,  with  rather  weak  musculature  except  for  some  stout 
bands  extending  from  the  bases  of  the  tubes  down  on  the  sides.  Ten- 
tacles irregular  in  size  and  arrangement;  the  larger  ones,  which  are  of 
unequal  size  and  may  number  from  eight  to  a  dozen,  are  two  or  three 
times  compound  and  bear  broad  membranes.  Their  branches  are  not 
verv  numerous. 

Dorsal  tubercle  rather  small,  U-shaped,  heart-shaped,  or  horse- 
shoe-shaped, with  the  open  interval  forward  (sometimes  obliquely  to  the 
left),  and  both  horns  usually  incurved  or  inroUed. 

Dorsal  lamina  replaced  by  a  series  of  languets. 

Branchial  sac  with  high,  sharply  defined  folds  separated  by  narrow 
flat  intervals.  The  number  of  folds  is  variable;  in  West  Indian  speci- 
mens usually  eight  or  nine  on  a  side. 

Transverse  vessels  of  four  or  five  orders,  often  quite  regular  in  their 
arrangement,  the  smallest  often  crossing  the  stigmata.  There  are  from 
six  to  ten  stigmata  in  the  large  meshes  on  the  flat  parts  of  the  sac. 

Internal  longitudinal  vessels  only  moderately  numerous;  they  were 
distributed  about  as  follows  in  a  fully  adult  and  fairly  large  specimen, 
though  in  small  individuals  they  will  be  found  considerably  less  numerous : 

Left  side 
dl  2  (15)  3  (19)  3  (22)  2  (23)  2  (21)  2  (19)  2  (16)  2  (11)  3  en 

Right  side 
dl  4  (16)  3  (20)  2  (22)  2  (23)  2  (22)  3  (18)  2  (14)  2  (10)  1  (5)  0  en 

Digestive  tract  curved  in  a  simple,  broad  loop.  Stomach  elongated, 
bearing  a  large  and  dense  mass  of  short  hepatic  tubules  which  are  crooked 
and  often  slightly  branched.  Rectum  short ;  margin  of  its  aperture  not 
fonspicuously  lobed  in  the  specimens  studied. 

One  long,  horizontally  or  obliquely  placed  gonad  on  each  side,  each 
:*on8isting  of  a  central,  sinuously  curved  ovary  bordered  by  numerous 
imall  testes.    On  the  left  side  the  gonad  lies  in  the  intestinal  loop. 
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This  ascidian  is  widely  distributed  in  tropical  and  subtropical  seas, 
ranging  from  shallow  water  to  a  considerable  depth.  According  to 
Michaelsen,  1918,  it  is  a  form  or  subspecies  of  Cynthia  momxis  Savigny, 
1816,  from  the  Red  Sea.  A  number  of  varieties,  subspecies,  and  allied 
species  of  this  group  have  been  distinguished,  but  their  characters  need 
not  be  discussed  here,  as  West  Indian  specimens  are  quite  typical  of  the 
form  paUida  (see  Michaelsen,  1908,  p.  270;  1919,  pp.  30-54.) 

It  has  been  recorded  by  Heller  (1878),  Traustedt  (1883,  1885),  and 
Sluiter  (1898)  from  Jamaica,  Curasao,  St.  Croix,  and  St.  Thomas;  the 
American  and  National  Museum  collections  add  several  localities  in 
Cuba  (Paradones  near  Cienfuegos,  Bahia  Honda  and  Cabafias),  and 
Colon,  Isthmus  of  Panama,  to  the  list.  The  specimens  from  Paradones 
were  growing  in  dense  clusters  with  Phallusia  nigra. 

MicROCosMUB  Heller,  1877 

Difitinguiflhed  from  Pyura  chiefly  by  the  poHsession  of  a  continuous  dorsal  lamina 
instead  of  a  row  of  languets.  A  further  distinction  is  the  narrower  intestinal  loop, 
whose  branches  lie  partly  in  contact  with  each  other. 

MicrocosmuB  ezasperatus  Heller,  1878 
Figures  137-144 

1878.     Micracosmus  exaaperatus-\-M.  variegatwi-\-M.  distans   (part)    Heller,    Sitz- 

ungpsber.  Akad.  Wisa  Wien,  math.-nat.  Kl.,  LXXVII,  pp.  99,  100,  PI. 

Ill,  figs.  19,  20;  PI.  V,  fig.  27. 
1883.     Microcoamus  variegatus  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kjdben- 

havn,  ann.  1882,  pp.  122,  134,  PI.  v,  figs.  10,  11;  PI.  vi,  fig.  17. 
1885.     Microcosmus  variegatva  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kj6l)en- 

havn,  ann.  1884,  p.  42. 
1891.     Microcosmtui  exasperatu8-\-M.  variegatm-\-M.  distana  Herdman,  Joum.  Linn. 

Soc.  London,  Zool.,  XXIII,  p.  574,  575. 
1898.     Microcoamtia  diatan8-\-M.   exaaperatua+M.   variegaim   Sluiter,    M4m.   Soc. 

Zool.  France,  XI,  pp.  6,  26,  PI.  ii,  fig.  35. 
1900.     Microcoamua  miniatus  Verrill,  Trans.  Conn.  Acad.  Sci.,  X,  p.  590,  fig.  8. 
1902.     Microcoamua  miniatua  Van  Name,  Trans.  Conn.  Acad.  Sci.,  XI,  p.  396;   PI. 

Lvi,fig.79;  Pl.Lvii,figB.91,95;  PI.  lxii,  figs.  129, 130;  PI.  lxiv,  fig.  148. 
1908.     Microcoamua  exaaperatua  (subspecies  typicua)  Michaelsen,  Jahrb.  Wiss.  Anst., 

Hamburg,  XXV,  suppl.  2,  p.  271,  PI.  ii,  figs.  11-13. 
1909-1911.    Microcoatnua  exasperatua    (8ul»specie8    typicua)    Hartmeyer,    Bronn's 

*Tier-reich,'  III,  suppl.,  pp.  1345,  1630,  1633. 
1913.     IMierocoamua]  exaaperaiua  Hartmover,  Denk.  Akad.  Wiss.  Wien,  math.-nat. 

Kl.,  LXXXVIII,  p.  180. 
1918.    Microcoamua  exaaperaiua  (subspecies  typica)  Michaelsen,  Jahrb.  Wiss.  Anat., 

Hamburg,  XXXVI,  suppl.  2,  p.  11. 
1918.     Microcoamua  exaaperatua  Van  Name,  Bull.  U.  S.  Nat.  Mus.,  No.  100,  I.  p.  81, 

figs.  30-32,  PI.  XXXII,  fig.  39. 
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1019.    Microoasmua  exasperalus  Michaelseiii  Denk.  Akad.  Wise.  'V^^en,  math.-iiat. 
Kl.,  XCV,  pt.  10,  p.  63,  fig.  9. 

This  widely  distributed  species  has  been  often  described  and  figured, 
and  a  comparatively  brief  account  of  it  will  sufiSce  for  its  identification. 
For  further  details  in  regard  to  its  structiure,  variations,  and  relation- 
ships, the  reader  is  referred  to  Michaelsen,  1908  and  1919. 

Body  irregularly  elongate  ovate,  generally  attached  by  considerable 
area  on  the  ventral  or  posterior  ventral  side.  Apertures  on  the  dorsal 
side,  widely  separated,  generally  on  rather  low  papilke,  which,  however, 
are  sometimes  produced  into  tubes  of  conspicuous  length.  Size  of  largest 
specimen  about  55  nun.  by  35  nun.  by  27  mm.  Body  surface  very 
rough  and  uneven  with  irregular  folds,  furrows,  and  ridges,  the  latter 
often  with  rough  angular  edges.     Though  often  overgrown  to  some 


Fig.  138.     Microcosmua  exaaperatus  Heller,  1878 

Left  and  right  sides  of  body,  X  1.2. 

extent  with  algae,  compound  ascidians,  or  other  organisms,  it  is  generally 
not  much  incrusted  by  sand  or  shell  fragments.  Color  of  test  in  life, 
some  shade  of  red  or  pink  externally  and  pearly  gray  or  whitish  internally. 
Test  fairly  thick  and  tough,  often  becoming  hard  and  rigid  in  alcoholic 
specimens. 

Mantle  with  many  very  conspicuous  muscle  bands  radiating  from 
the  bases  of  the  tubes  and  extending  down  onto  the  sides  of  the  body, 
where  they  cross  each  other  nearly  at  right  angles;  there  are  also  con- 
spicuous but  less  regular  muscles  crossing  the  ventral  region. 

Tentaclos  of  tapering  form,  the  larger  ones  about  eight  or  ten  in 
number,  pinnately  branched,  and  two  or  three  times  compound.  A 
variable  number  of  smaller,  more  or  less  branched  tentacles  occupy  the 
intervals  between  them.  Considerable  variation  was  found  in  the 
number  and  length  of  the  primary  and  secondary  branches  of  the  large 
tentacles  in  different  specimens.  In  some  large  specimens  from  Porto 
Rico  they  were  found  very  numerous,  and  many  third-order  branches 
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were  present.  The  tips  of  the  small  branches  may  or  may  not  be  slightly 
enlarged. 

Dorsal  tubercle  generally  C-shaped  with  inrolled  horns,  the  open 
interval  directed  forward  and  more  or  less  obliquely  to  the  left. 

Dorsal  lamina  rather  wide,  plain -edged. 

Branchial  sac  with  about  nine  (sometimes  eight  or  ten)  folds  on  each 
side;  the  folds  diminish  in  height,  and  in  the  number  of  internal  longi- 
tudinal vessels  they  bear,  fairly  regularly  from  the  dorsal  to  the  ventral 


Fu.  136.  iDtatlDsl  loop 
n«.  1«.  Teolidn,  X  IS.  Pi| 
Pan  dI  livH,  X  10.    Fl(.  144. 

r^on,  the  ninth  fold  being  often  much  reduced  ai)d  fading  out  before 
the  posterior  end  of  the  body  is  reached,  ur  it  may  l)e  wanting  entirely. 
A  small  rudiment  of  a  tenth  fold  is  often  present  on  the  right  side  or  on 
both  sides,  but  it  extends  only  a  short  distance  and  bears  very  few 
vessels.  The  second  fold  is  often  somewhat  lower  than  the  third.  The 
folds  in  this  species  are  ordinarily  not  very  high,  and  portions  of  the  inter- 
vening flat  parts  of  the  Rac  arc  exposed  evun  when  the  folds  lie  fiat  against 
the  sides.  Transverse  vessels  quite  numerous;  at  least  five  orders  can 
be  recognized  in  some  purts  of  the  sac,  those  of  the  first  order  being  very 
large.  The  smallest  vessels  often  cross  witliout  interrupting  the  stig- 
mata. The  following  sciienio  shows  tlie  distribution  of  the  internal 
longitudinal  vessels  in  ii  fiiirly  large  und  typical  example: 
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Left  side 
dl  4  (25)  4  (22)  5  (24)  4  (20)  3  (19)  4  (16)  3  (12)  3  (9)  2  (6)  1  en 

Right  side 
dl  5  (24)  4  (20)  3  (24)  3  (22)  4  (18)  3  (15)  3  (11)  3  (9)  2  (6)  0  (3)  0  en 

Five  to  eight  stigmata  ordinarily  intervene  between  internal  longi- 
tudinal vessels  on  the  flat  parts  of  the  sac  between  the  folds. 

Intestinal  loop  narrow,  its  branches  lying  close  together  except  at 
the  anterior  end,  where  it  opens  out  into  a  small  loop  and  is  at  the  same 
time  strongly  bent  in  a  dorsal  direction.  Stomach  long  and  narrow;  its 
wall  bears  two  large  hepatic  glands  near  the  oesophageal  end.  The 
surface  of  these  glands  exhibits  convolutions  which  under  low  magni- 
fication suggest  those  of  the  human  brain.  Under  high  power  they  are 
seen  to  be  composed  of  compacted  masses  of  blindly  ending  tubules, 
whose  tips  project  irregularly  above  the  surface. 

One  gonad  on  each  side  of  the  body.  It  consists  of  several  masses  or 
segments  arranged  along  a  ciu-ved  oviduct  which  passes  through  them  in 
succession.  Generally  there  are  three  or  four  segments  in  the  left,  and 
four  or  five  in  the  right  gonad.  Each  mass  or  segment  consists  of  a 
central  ovary  more  or  less  completely  surrounded  by  the  male  glands, 
which  are  of  the  usual  small  pyriform  type.  When  highly  developed,  the 
masses  may  become  so  large  as  to  obliterate  the  intervals  or  clefts 
between  them  wholly  or  in  part,  so  that  the  gonad  may  appear  continu- 
ous or  nearly  so.  The  anterior  end  of  the  left  gonad  lies  in  the  open  part 
of  the  loop  formed  by  the  intestine. 

This  species,  which  is  one  of  the  commonest  ascidians  of  the  West 
Indian  region,  is  widely  distributed  in  tropical  and  warm-temperate 
seas,  being  known  from  various  parts  of  the  West  Indies  (St.  Thomas), 
Cuba,   Porto  Rico,   Venezuela,   Colombia   (Santa  Marta),  Bermuda, 
East  Africa,  the  Malay  region  and  Formosa,  while  on  the  Australian 
coasts  it  is  represented  by  a  variety  (see  Traustedt,  1883;  Michaelsen, 
1908).    It  grows  in  shallow  water  attached  to  piles,  corals,  stones,  and 
mangrove  roots,  as  well  as  in  depths  to  23  fathoms  or  more.    Many  speci- 
mens were  collected  in  the  vicinity  of  Guanica  Harbor  and  Parguera, 
Porto  Rico,  by  the  American  Museum  expeditions;  these  were  mostly 
found  in  shallow  water  along  the  shore,  but  several  were  dredged  in 
depths  from  3  to  7  fathoms.    Among  the  numerous  specimens  in  the 
National  Museum  collection  is  one  from  Sabanilla,  Colombia,  and  one 
from  Station  2617,  Steamer  Albatross  (33°  37'  30"  N.,  77^  36'  30"  W., 
14  fathoms),  oflf  the  South  Carolina  coast. 
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MicrocosxnuB  helleri  Herdman^  1881 
Figures  145,  146 

1881.  Microeodmvs  helleri  Herdman,  Proc.  Royal  Soc.  Edinburgh,  XI,  p.  54. 

1882.  yficrocosmus  helleri  Herdman,  *Rept.  Voy.  Challenger,  Zool.,'  VI,  p.  121,  PI. 

XIV,  figs.  1-4. 
1885.     7 Microcosmus  gleba-\-M.  helleri  Traustedt,  Vidensk.    Meddel.    natur.    For. 

Kjdbenhavn,  ann.  1884,  p.  41,  PI.  in,  figs.  23-25. 
1891.     Microcosmus  heUeri-i-lM.  gleba  Herdman,  Journ.  Linn.  Soc.  London,  Zool., 

XXIII,  p.  574. 

1905.  Microcosmus  helleri  Sluiter,  Denkschr.  me<l.-nat.  Gesell.  Jena,  VIII,  p.  184, 

PI.  X,  figs.  8,  9  (Jide  Hartmeyer). 

1906.  "! Microcosmus  manaarensis-^-'^M.  lonQituhis  Herdman,  *Rept.  Ceylon  Pearl 

Oj'ster  Fisheries,'  V,  pp.  311,  312,  PI.  ii,  figs.  23-25. 
1909.     Microcosmus  Ae/fen+?Af.f7/efea  Hartmeyer,  Bronn'a  'Tier-reioh,'  III,  suppl., 
pp.  1345,  1642,  1644. 

1918.  Microcosmus  goanus-^M,  helleri -\-?M.  gleba  Michaclaen,  Jahrb.  Wias.  Anst., 

Hamburg,  XXXV,  suppl.  2,  p.  12,  text  figs.  1,  2. 

1919.  Microcosmus  heUeri-\-*fM,  gleba  Hartmeyer,  Kungl.  Svensk.  Vetensk.  Akad. 

Handl.,  LX,  No.  4,  p.  19,  PL  i,  figs.  6-9. 


Fig.   145.     Microcosmus  helleri  Herdman,   1881 
Loft  and  right  sides  of  body,  X  l.o. 


Bod}^  irrefi^ulirly  spheroidal,  longer  than  broad,  and  usually  not 
laterally  compressed,  though  sometimes  slightly  compressed  in  a  dorso- 
ventral  direction.  Tul)e8  arising  from  the  dorsiil  surface  at  a  varying 
distance  apart;  they  are  long,  narrow,  and  diverging  in  most  specimens, 
and  often  very  crooked.  In  some  si)ecimens,  howev(»r.  they  are  quite 
short,  perhaps  because  of  contraction.  Size  of  tlu*  largest  sfK^cimen,  45 
mm.  long,  32  mm.  in  dorso-ventral  and  29  nmi.  in  lateral  diameter,  ex- 
clusive of  the  tul)es.  These  arise  more  than  10  mm.  apart ;  the  branchial 
tube  is  about  16  mm.  long,  the  atrial  about  1 1  mm.  long. 

Body  surface  rough  and  raised  into  small,  sharp,  irregular  ridges 
and  small  irregular  processes.  It  is  so  complet^^ly  incrusted  with  sand 
fpr&ins,  shell  and  coral  fragments,  etc.  (which  are  imbedded  in  the  test 
of  the  body  and  in  the  substance  of  the  processes,  as  well  as  firmly  at- 
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one  tube  crossing  those  from  the  other  so  as  to  form  small  square  or 
obliquely  four-sided  meshes. 

Tentacles  of  rather  regular  pinnate  form,  the  largest  ones  larger 
and  more  extensively  branched  than  in  most  individuals  of  M,  exas- 
peratus,  being  three  times  (on  some  of  the  branches  foiu*  times) 
compound.  The  minute  branches  end  in  blunt,  somewhat  swollen  tips. 
The  larger  tentacles  are  not  all  of  uniform  size  and  number  only  eight  or 
less;  smaller  and  less  complex  tentacles  are  present  in  the  intervals,  but 
are  not  very  numerous.  In  some  individuals  several  tentacles  (two  to 
four  or  more)  are  very  much  larger  than  the  rest,  but  these  are  not  neces- 
sarily sjmmietrically  placed  in  the  circle. 

Dorsal  tubercle  Cnshaped,  the  open  interval  directed  forward  and 
the  horns  spirally  rolled  inward.  Neither  the  dorsal  tubercle  nor  the 
tentacles  appear  to  differ  suflSciently  from  those  of  M,  exasperatus  to 
require  illustration. 

Dorsal  lamina  a  plain  membrane,  rather  narrow. 

Branchial  sac  very  regular  in  structure,  with  six  well-developed 
folds  on  each  side  of  the  body.  Additional  rudimentary  folds  were  not 
observed  in  any  of  the  specimens  studied  (five  individuals).  The  folds 
are  for  the  most  part  so  high  as  to  cover  the  intervening  flat  part  of  the 
sac  and  a  part  of  the  fold  above  when  in  their  normal  position.  Trans- 
verse vessels  of  at  least  five  orders  can  be  recognized,  the  smallest  crossing 
without  interrupting  the  stigmata.  They  are  usually  quite  regularly 
arranged  (except  that  the  fifth-order  vessels  are  wanting  in  many  places) , 
according  to  the  usual  scheme: 

15453545254535461. 

Internal  longitudinal  vessels  narrow,  niunerous,  and  rather  near  together 
on  the  folds,  but  considerably  more  widely  and  unevenly  spaced  on  the 
intervening  flat  parts  of  the  sac.  It  is  often  hard  to  decide  whether 
certain  of  the  vessels  should  be  counted  as  belonging  to  the  flat  portion 
or  to  the  basal  part  of  one  of  the  adjacent  folds.  Approximate  distribu- 
tion of  the  internal  longitudinal  vessels  in  a  moderately  large  individual : 

Left  side 
dl  3  (24)  2  (19)  2  (25)  4  (22)  3  (16)  3  (13)  1  en 

Right  side 
dl  4  (23)  3  (18)  2  (26)  4  (23)  3  (17)  3  (14)  0  en 

Several  others  examined  showed  about  the  same  distribution.  Stigmata 
very  narrow  and  very  regular  in  their  arrangement.  The  meshes  formed 
by  the  transverse  and  internal  longitudinal  vessels  are  quite  variable 
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in  size  on  the  flat  portions  of  the  sac  on  account  of  irregular  spacing  of 
the  latter  vessels,  but  there  are  commonly  at  least  nine  or  ten  and  some- 
times twelve  or  fifteen  stigmata  in  a  mesh. 

Stomach  long  and  narrow,  tapering  off  into  the  intestine.  A  part 
of  its  wall  near  the  oesophageal  end  bears  a  hepatic  gland.  Intestinal 
loop  long  and  narrow,  its  branches  lying  close  together  except  for  a  short 
distance  at  the  anterior  end  (the  closed  end),  where  they  are  spread  apart 
to  form  a  small  open  space  in  which  part  of  the  gonad  lies.  The  anterior 
part  of  the  intestinal  loop  is  much  less  sharply  bent  up  dorsally  than  in -tf. 
exasperatius.  As  the  intestine  is  visible  through  the  mantle,  this  char- 
acter is  of  convenience  in  distinguishing  the  two  species. 

One  gonad  of  elongate  outline  is  present  on  each  side  of  the  body. 
Each  consists  of  a  layer  of  small  pyriform  male  glands  attached  to  the 
inner  surface  of  the  mantle.  These  in  turn  are  covered  by  the  ovarian 
portion  of  the  gonad,  which  lies  in  contact  with  the  branchial  sac.  On 
the  left  side  the  anterior  end  of  the  gonad  lies  chiefly  within  the  above- 
mentioned  loop  formed  by  the  intestine.  A  tendency  to  division  of  the 
gonads  into  two  or  three  segments  by  narrower  necks  is  noticeable  in 
many  cases,  but  this  was  rarely  carried  to  such  an  extent  as  to  break  the 
continuity  of  the  mass  in  any  of  the  specimens  studied. 

The  specimens  of  this  species  were  all  dredged  off  the  coast  of  Porto 
Rico  in  the  vicinity  of  Guanica  and  Tallaboa  bj^  the  American  Museum 
expeditions.    Their  localities  are  as  follows : 

East  of  Caiibe  Islands,  5K  to  8/4  fathoms,  27  specimens;  off  Guanica 
Playa,  18  feet,  sand  and  algse,  1  specimen;  between  Ra tones  and  Caribe 
Islands,  6  to  11  fathoms,  1  specimen. 

This  is  a  species  very  widely  distributed  in  the  warm  parts  of  the 
world.  Herchnan's  type  was  from  Torres  Strait,  Sluiter  reports  it  from 
Amboina,  and  Michaelsen  (1918)  redescribed  it  under  the  name  gaanu» 
from  Dclagoa  Bay,  Portuguese  East  Africa,  though  doubtful  of  its 
distinctness  from  Herdman's  species.  The  identity  of  the  two  seems  to 
have  been  satisfactorily  established  by  Hartmeyer  (1919).  I  am  in- 
clined to  go  farther  than  that  author  and  regard  M,  gleba  Traustedt. 
1885,  from  Banka,  as  another  synonym,  and  M.  manaarensis  and  3f. 
longitubis  Herdman,  1906,  from  Ceylon,  as  only  verc^  doubtfully  distinct. 

[Note.  An  additional,  apparently  entirely  distinct  species  of  this 
genus  (Af.  anchylodeirus)  is  described  by  Traustedt  (1883,  p.  121,  PI 
VI,  fig.  18)  from  St.  Thomas,  W.  I.  It  has  seven  folds  on  each  side  and  a 
branchial  sac  with  very  irregular  vessels.    See  also  p.  485.] 
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MolgulidsB  Lacaze-Duthiers,  1877 

[  =  C8Bsirid8e  auct.  mitU.] 

Simple  ascidians,  usually  having  the  tentacles  compound  and  the  branchial  sac 
with  longitudinal  folds,  more  or  less  spirally  arranged  stigmata,  and  a  kidney  (in  the 
form  of  a  single  completely'  closed  sac  in  which  concretions  form)  situated  on  the  right 
side  of  the  body.    Dorsal  lamina  continuous  but  often  toothed. 

MoLQULA  Forbes  and  Hanley,  1848 

[  =  C3e8ira  and,  mult.] 

The  largest  genus  of  the  family.  The  branchial  sac  is  provided  with  folds  (usually 
six  or  seven  on  each  side),  each  bearing  a  number  of  internal  longitudinal  vessels  and 
usually  a  row  of  infundibula  wi^h  spiral  stigmata  along  its  summit;  the  spirals  are 
more  or  less  imperfect  and  interrupted.  A  gonad  is  usually  present  on  each  side  of 
the  body. 

Molgula  occidentaliB  Traustedt,  1883 

Figures  147-152 

71860.     Molgula  species,  Stimpson.  Amer.  Joum.  Sci.,  (2)  XXIX,  p.  443. 

1883.    Molgula  ocddentalia  Traustedt,  Vidensk.  Meddel.  natur.  For.  Kjobenhavn, 

ann.  1882,  pp.  113,  128,  PI.  v,  figs.  4,  5;  PI.  vi,  fig.  14. 
1891.     Molgula  occidentalis  Herdman,  Joum.  Linn.  Soc.  London,  Zool.,  XXIII, 

p.  567. 
1909-1911.     Csesira  ocddentalis  Hartmeyer,  Bronn's  *Tier-reich,'  III,  suppl.,  pp. 

1323,  1624,  1629. 
1914.     Molgula  ocddentalis  Hartmeyer,  Sitzungsber.  Gesell.  naturf .  Freimde,  Berlin, 

p.  7. 

Body  of  rounded  or  oval  outline;  the  depth  may  or  may  not  exceed 
the  length.  It  is  not  much  compressed  laterally.  Apertures  on  the 
dorsal  side,  usually  situated  not  far  apart,  sometimes  sunk  in  the  de- 
pressions between  rounded  prominences  of  the  test  that  are  present  on 
that  part  of  the  body,  in  other  cases  raised  on  low  papillse.  Size  of  largest 
specimen  examined,  44  nmi.  long,  45  mm.  in  dorso-ventral  diameter, 
and  nearly  25  mm.  wide  from  side  to  side  when  distended. 

Test  rather  thin,  though  tough,  on  most  parts  of  the  body;  on  the 
dorsal  region  it  becomes  quite  abruptly  very^  thick  and  hard.  The  surface 
is  sometimes  roughened  by  rather  fine  wrinkles  and  much  incrusted  with 
mud,  sand,  shell  fragments,  etc.,  these  materials  being  in  part  imbedded 
in  the  test  and  in  part  adherent  to  short  fibrous  processes  with  wliich 
parts  of  the  surface  are  provided,  but  some  specimens  have  much  of  the 
body  bare  of  foreign  matter  and  fairly  smooth.  The  color  is  usually  that 
of  the  incrusting  sand  or  mud;  where  the  surface  is  exposed  it  is  of  a 
dingy  yellowish  or  gray  color.    Mantle  thin  and  semitransparent,  some- 
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times  dark  colored.  There  are  a  few  stout  muscle  bands  radiating  from 
the  tubes  and  extending  part  way  down  the  sides,  and,  as  shown  in  Trau- 
stedt's  figures,  there  are  rows  of  short  transverse  bands  on  many  parts 
of  the  sides  and  ventral  region,  and  well-developed  circular  muscles 
about  the  apertures. 

About  a  dozen  large  tentacles  are  present  in  the  lai^est  specimens 
beside  some  additional  smaller  tentacles.  These  structures  are  difficult 
to  count  because  of  their  crowded  condition,  and  it  is  often  difficult  to 
distinguish  some  of  the  closely  placed  smaller  tentacles  from  the  basal 
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branches  of  the  larger  ones.  The  large  tentacles  are  three  times  pinnate, 
the  small  branches  ending  in  slightly  enlarged  rounded  tips. 

Dorsal  tubercle  C-shaped;  open  interval  more  or  less  directly  to 
the  left  in  alt  of  a  number  of  specimens  in  which  this  character  was  ex- 
amined; horns  inrolled. 

Dorsal  lamina  plain-edged. 

Branchial  sac  with  six  well-developed  folds  on  each  side;  they  are 
broad  and  sharply  defined,  and  bear  many  internal  longitudinal  vessels. 
Traustedt's  description,  probably  based  on  a  single  specimen,  gives  seven 
folds  on  each  side,  the  first  fold  beinp  incomplete.  I  have  found  a  more  or 
less  well-developed  plication  between  the  dorsal  lamina  and  the  first  true 
fold  in  many  individuals  (including  examples  from  different  localities) 
on  one  or  both  sides  ot  the  body,  and  this  is  probably  what  Traustedt 
counted  as  the  first  fold.  It  bears  a  few  somewhat  irregular  internal 
longitudinal  ves-^els,  but  I  cannot  consider  it  homologous  with  the  re- 
maining six.  In  many  examples  it  is  so  shght  as  to  be  readily  overlooked; 
in  many  it  is  wanting  completely  on  one  or  both  sides.  This  extra  fold 
seems  to  be  of  the  same  nature  as  that  present  in  Polycarpa  obteda, 
and  P.  sptmgiabilis  (see  p.  422)  and  is  very  probably  due  to  a  mechanical 
cause,  as  si^^gested  in  the  description  of  P.  obtecta. 
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Distribution  of  the  internal  longitudinal  vessels  in  a  medium  sized 
individual: 

Left  side 
dl  [5]  1  (11)  0  (12)  0  (11)  0  (10)  1  (9)  1  (7)  0  en 

Right  side 
dl  [6]  0  (12)  0  (12)  1  (10)  1  (10)  0  (8)  0  (6)  0  en 

In  a  larger  example,  39  mm.  long,  which  was  without  any  trace  of  the 
extra  fold,  they  were  distributed  as  follows : 

Left  side 
dl  8  (15)  1  (17)  1  (16)  2  (14)  1  (11)  1  (9)  0  en 

Right  side 
dl  7  (17)  1  (16)  1  (14)  2  (12)  2  (10)  1  (7)  1  en 

Four  (in  the  ventral  parts  of  the  sac  often  five)  ordersof  transverse  vessels 
are  recognizable  on  the  folds,  where  they  are  quite  regularly  arranged. 
On  the  flat  spaces  between  folds  the  smaller  ones  become  irregular  and 
often  disappear.  Stigmata  very  numerous,  mostly  straight  or  but  little 
curved;  never  very  long  and  narrow.  They  are  mainly  longitudinal 
and  arranged  in  transverse  columns  separated  by  the  transverse  vessels 
of  the  smaller  orders.  The  small  interstigmatic  vessels  branch  and  curve 
a  good  deal,  and  this,  as  well  as  the  irregularity  of  the  smaller  transverse 
vessels,  disturbs  or  obscures  their  arrangement  in  columns  in  many 
places,  but  in  others  their  regularity  is  quite  striking.  No  definitely 
formed  infimdibula  with  spirally  arranged  stigmata  were  demonstrated 
even  on  the  folds,  whose  knife-like  sharpness  would  hardly  allow  ot  their 
presence.  On  the  flat  intervals  between  folds,  especially  in  the  ventral 
region  of  the  sac,  a  tendency  to  a  spiral  arrangement  of  the  stigmata  is 
present  in  a  few  places.  A  considerable  number  of  irregularly  branching 
vessels  ramify  on  the  inner  surface  of  the  sac. 

Intestinal  loop  very  narrow  (its  branches  in  contact  for  practically 
the  whole  length).  It  is  bent  into  about  three  quarters  of  a  circle. 
Stomach  with  a  large,  greenish  hepatic  gland  consisting  of  an  inmiense 
nimiber  of  very  minute,  short,  sparingly  branched  tubules. 

Kidney  large  and  broad,  elongate-oblong  in  shape ;  usually  not  much 
curved. 

A  large  gonad  is  present  on  each  side  of  the  body.  Each  gonad  con- 
sists of  an  elongate  ciured  tubular  ovary  bordered  along  its  sides  with 
clusters  of  small  oval  or  pear-shaped  male  glands.  Right  gonad  very 
long  and  narrow,  and  bent  around  the  kidney  so  as  to  surround  all  except 
the  posterior  part  of  it.   The  dorsal  end  of  the  ovary,  where  the  aperture 
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FigB.  148-152.     Molgula  ocddtrdalU  Traustedt,  1883 
[.  I4S.     Lkr«i-  teqUclc.  X  6,    Pii.  140.    Donal  tuberdu.  X  13.    Fie.  150.    Put  ol  bnnckii] 
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for  the  discharge  of  the  eggs  is  situated,  is  bent  dorsally  toward  the  base 
of  the  atrial  tube.  Left  gonad  situated  in  the  curve  formed  by  the  dorsal 
side  of  the  digestive  tract.  The  ovary  is  bent  into  a  U-shaped  loop,  with 
the  open  end  dorsal;  the  small  groups  of  male  glands  lie,  in  the  speci- 
mens studied,  chiefly  along  the  outside  of  the  curve  (hence  between  the 
ovary  and  intestine),  but  some  are  in  the  bend  of  the  loop  formed  by  the 
ovary.  When  well  developed  the  left  ovary  and  testes  form  a  compact 
group,  broad  below  and  narrow  above  (that  is,  in  the  dorsal  part),  the 
bend  of  the  loop  being  completely  filled. 

The  form  of  the  gonads  just  described  seems  to  be  characteristic 
of  this  species  and  furnishes  the  best  means  of  recognizing  it,  as  the 
gonads  are  usually  easily  seen  through  the  mantle  as  soon  as  the  animal 
is  removed  from  the  test. 

This  species  ranges  from  North  Carolina  (Fort  Macon,  near  Beau- 
fort, and  the  mouth  of  the  Cape  Fear  River)  to  the  West  Indies  (Porto 
Rico,  oflf  Guanica  Playa,  18  fathoms;  Guanica  and  San  Juan  Harbors), 
but  appears  to  be  especially  common  on  the  Florida  coasts,  where  it  is 
the  principal  representative  of  the  family.  It  ranges  in  depth  from  low- 
water  mark,  often  growing  on  mangrove  roots,  to  21  fathoms  (off  the 
west  coast  of  Florida).  Traustedt's  tjrpe  was  from  the  West  Indies 
(probably  from  the  former  Danish  possessions). 

Molgula  manhatteiiBis  (De  Kay),  1843 

Figures  153  and  154 

1843.     Ascidea  nuinhaUenns  De  Ka}-,  'Zoology  of  New  York,'  V,  'Mollusca/  p.  259. 

?1852.    MoliftdA  aardida  Stimpson,  Proc.  Boston  Soc.  Nat.  Hist.,  IV,  p.  229. 

1873.     Mol(fuU   manhattensis   Verrill   and   Smith,    'Rep.  on   Invert.    Animals  of 

Vineyard  Sound/  pp.  699,  311,  445,  etc.,  PI.  xxxiii,  fig.  250. 
1898.     MolguU  manhattenais  Metcalf,  Anat.  Anzeiger,  XVI,  p.  469. 
1900.    Molgula  manhaUensia  Wilson,  Amer.  Naturalist,  XXXIV,  p.  354. 
1905.    Molgida  manhaUenaia  Mayer,  'Seashore  Life,'  p.  170,  fig.  119. 
1912.    Cxaira  manhaUenaia  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV,  p. 

471,  PI.  XLv,  figs.  11-13,  PI.  Lxxi,  figs.  151,  152,  text  figs.  4,  5. 

1912.  Cseaira  papiUoaa  Huntsman,  Trans.  Canadian  Inst.  (1911),  pp.  112, 139.    (Not 

Molgvla  papiUoaa  Verrill,  1871.) 

1913.  Molgida  manhattenaia  Sumner,  Osbum  and  Ck)le,  Bull.  U.  S.  Bureau  of  Fish- 

eries, XXXI,  pp.  155, 157-160,  729;  730;  chart  191. 

1913.  Molgida  manhaUenaia  Miner,  Amer.  Museum  Journal,  XIII,  p.  91,  text  fig. 

1914.  Molguia  manhaUenaia  Hartmeyer,  Sitzungsber.  GescU.    naturf.    Freunde, 

Berlin,  p.  7. 

1915.  Molgula  manhattenaia  Hartmeyer,  Mittheil.  Zool.  Mus.  Berlin,  VII,  p.  313. 

1916.  Molgida  manhaUenaia  Pratt,  'Manual  Common  Invert.  Animals,'  p.  665,  t«xt 

fig.  1007. 
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Additional  references  and  synonyms  and  a  more  detailed  description  are  givoi  in 
Van  Name,  1912  (see  above). 

Body  usually  nearly  globular  when  distended,  except  for  some  de- 
gree of  lateral  compression.  The  tubes  are  diverging  and  often  curved. 
They  arise  on  the  dorsal  region  either  a  little  way  apart  or  quite  cloee 
together.  The  test  is  iBrm,  tough,  and  moderately  thick,  with  an  irregu- 
larly roughened  surface,  and  provided  in  places  with  short,  irregular  hair- 
like  processes,  which  would  not  be  conspicuous  were  it  not  for  the  sand 
grains,  shell  fragments,  bits  of  eel  grass  and  other  debris  which  adhere 
to  them.  The  maximum  diameter  usually  does  not  exceed  20  to  25  mm. 
The  general  color,  when  fresh,  is  a  dingy  yellowish  or  greenish  gray,  or 
olive. 


Fig.  153.    Molgula  tnajihaUensis  (De  Kay),  1843 
Left  and  right  sidee  of  body,  X  1.8. 


On  removal  from  the  test,  this  animal  is  readily  distinguishable 
from  M,  occiderUalis  by  the  branchial  sac  and  gonads.  There  are  six 
branchial  folds  on  each  side.  These  are  low  and  bear  a  maximiun  of  six 
or  seven  internal  longitudinal  vessels.  The  stigmata  are  usually  quite 
long  and  narrow,  and  irregularly  curved,  and  form  well-defined  spirals 
on  the  folds  and  here  and  there  also  on  the  flat  parts  of  the  sac,  especially 
in  the  ventral  regions.  On  the  left  side,  the  ovary  is  flask-shaped  and  the 
intestinal  loon  is  bent  in  a  more  circular  shape  than  in  M.  occiderdalu] 
on  the  right  side,  the  gonad  is  shorter  than  in  that  species,  and  its  ovary 
is  practically  straight.  It  is  situated  dorsal  to  the  kidney,  and  does  not 
bend  around  it.  The  kidney  is  smaller  and  shorter  than  U- 
occidentalism  and  is  bean-shaped.  The  dorsal  tubercle  is  similar  to  that 
of  the  latter  species,  but  usually  has  the  open  interval  to  the  rear. 

This  species  ranges  from  St.  Andrews,  New  Brunswick  (Huntsman, 
1912),  to  Louisiana  (Shell  Island,  Mussel  Bayou,  Drum  Bay,  etc.).   It 
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is  a  shallow-water  form,  often  growing  abundantly  on  eel  grass,  piles, 
stakes,  etc.,  but  is  recorded  to  depths  of  16  fathoms  on  the  New  England 
coast  and  27  fathoms  in  Chesapeake  Bay.    From  Cape  Cod  to  North 
Carolina  it  is  the  commonest  of  the  larger  simple  ascidians.    The  dredg- 
ings  of  the  Steamer  Fish  Hawk  in  1915  indicate  that  in  most  of  the  deeper 
parts  of  Chesapeake  Bay  it  is  not  only  the  conmionest  but  practicallj 
the  only  species  of  ascidian.    I  have  no  records  from  Florida,  and  failed 
to  find  it  in  my  collecting  on  the  southern  part  of  the  coast  of  that  State, 
though  there  are  several  stations  for  it  from  the  South  Carolina  coast. 
Its  distribution  may,  therefore,  be  discontinuous  and  interrupted  by  the 
Florida  peninsula. 

The  National  Museum  collection  contains  several  small  specimens 
from  the  back  of  a  large  blue  crab  (Callinedes)  supposed  to  have  been 
caught  in  Chesapeake  Bay.  It  is  apparently  rare  to  find  ascidians  on  a 
crab  of  such  active  habits. 

Molgula  lutulenta  (Van  Name),  1912 

Figure  155 
1912.     Csesira  luiidenia  Van  Name,  Proc.  Boston  Soo.  Nat.  Hist.,  XXXIV,  p.  468, 

PI.  XLV,  figs.  7-10;  PI.  Lxxm,  fig.  168;  text  figs.  2,  3. 
1914.     MolguLa  lutulenta  Hartmeyer,  Sitzungsber.  Gesell.  naturf.  Freunde,  Berlin, 
p.  7. 


Fig.  155.     Molgula  lutulenta  (Van  Name),  1912 
Left  and  right  sides  of  body,  X  3. 


This  species  does  not  require  more  than  a  brief  mention  here,  as  it  is 
only  known  from  rather  deep  water  (67  to  142K  fathoms)  far  off  the 
coast  of  southern  New  England  and  the  Middle  States,  in  the  vicinity  of 
40°  N.  and  70°  and  71°  W. 

It  is  a  small  species  of  elUptical  outline,  not  exceeding  about  15  mm. 
in  greatest  diameter,  though  it  is  densely  covered  externally  with  long 
moss-like  fibrous  processes  to  which  sand  and  mud  adhere,  making  it 
appear  larger.    Internally,  it  differs  from  3/.  manhatteriMS  in  the  large 
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infundibula,  on  which  the  stigmata  form  very  regular  spirals,  the  much 
less  bent  intestinal  loop,  and  in  the  gonads  of  both  right  and  left  sides 
being  short,  broad,  and  flask-shaped.  There  are  as  in  that  species,  six 
branchial  folds  on  each  side. 

[Note.  Molgula  eugyraides  Traustedt  (1883,  p.  112,  PL  v,  figs.  1-3) 
from  Bahia,  Brazil,  and  M.  contorta  Sluiter  (1898,  p.  28,  PL  n,  figs.  39, 
40)  from  Colombia,  are  species  entirely  distinct  from  any  of  the  above. 
See  p.  486.] 

BoBTRZcHOBaANCHUB  Traustcdt,  1883 

In  this  genus  the  folds  of  the  branchial  sac  have  disappeared  and  are  indicated 
only  by  seven  broad,  flat,  internal  longitudinal  vessels  on  each  side.  Stigmata  on 
internally  projecting  and  often  very  high  conical  infundibula,  on  each  of  which  they 
form  a  perfect  double  spiral  interrupted  only  at  the  summit.  Inf undibula  very  nimier- 
ous  and  irregularly  distributed  in  adult  individuals.  A  gonad  is  normally  present  on 
the  left  side  only. 

Boitrichobranchus  piluUris  Verrill,  1871 

Figures  156-150 

1871.  Molgula  pilularia  VerriU,  Amer.  Joum.  Sci.,  (3)  I,  p.  58,  fig.  4c. 

1872.  EugyrsL  pUuUri8-\-MolguU  peUucida,  Verrill,  Amer.  Joum.  Sci.,  (3)  III,  pp. 

211,  289,  PI.  vm,  figs.  2,  3. 

1873.  Eugyra  pUularie+Molgyla  pellttcida  Verrill  and  Smith,  'Rept.  on  Invert., 

Animals  of  Vineyard  Sound,'  pp.  509, 699,  700,  etc.,  PI.  xxxm,  fig.  249. 
1878.    MolgtiU  peUucida  Ck)ues  and  Yarrow,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1878,  p.  303. 
1883.    Bo8tridiobrainchu8  manhaUensis  Traustedt,  Vidensk.    Meddel.    natur.    For. 

IQdbenhavn,  pp.  109,  128. 
1885.    Bostrichobranchus  manhaUensis  Traustedt,  Vidensk.    Meddel.    natur.    For. 

KjObenhavn,  ann.  1884,  p.  22,  PI.  i,  figs.  10-12. 

1912.  Bostrichobranchus  pUuUria  Van  Name,  Proc.  Boston  Soc.  Nat.  Hist.,  XXXIV, 

p.  458,  PI.  XLin,  figs.  1-4;  PI.  xuv,  figs.  5,  6;  PI.  uax,  fig.  137;  text 
fig.  1. 

1913.  Eug\/rsL  piluUrie'\- Bostrichobranchus  molguloides+MolguU  peUueida-i-Eugyra 

ghUinane  Sumner,  Osbum  and  Ck>le,    Bull.  U.  S.  Bureau  of  Fbheries, 
XXXI,  pp.  75, 167, 186,  729;  Chart  190. 
1916.    Eugyra  pUxdaris -^Bostrichobranchus  molguUndes-\-MolgvXa  peUucida  Pratt, 
'Manual  Common  Invert.  Animals,' p.  665. 
Not  Molguia  peUucida  MacDonald,  1859,  from  Australia. 

This  species  has  occasionally  been  confused  with  Molgvla  manr 
hatteruna  (De  Kay),  1843,  described  above.  Additional  synonyms  and  a 
detailed  description,  with  special  reference  to  the  remarkable  arrange- 
ment of  the  branchial  stigmata,  have  been  given  in  a  previous  paper  (Van 
Name,  1912),  so  that  only  the  more  important  characters  will  be  men- 
tioned here. 
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As  usually  found,  this  animal  resembles  a  small  ball  of  mud  or  sand; 
the  body  is  globular  or  ellipsoidal,  and  is  more  or  less  covered  externally 
with  short,  minute  fibers  to  which  fine  sand  and  mud  adhere.    This 
foreign  material  is,  however,  rather  easily  rubbed   ofif,  and  sometimes 
specimens  are  found  in  which  the  smface  is  nearly  smooth  and  bare. 
Tubes  elongate,  equalUng  or  exceeding  the  body  diameter  in  length 
when  extended,  tapering,  straight  or  slightly  cm^ed,  and  arising  near 
together  from  the  dorsal  side  of  the  body.   These  tubes,  as  well  as  a  small 
definitely  circumscribed  area  on  the  surface  of  the  body,  within  which 
they  both  have  their  bases,  are  free  from  adhering  sand  or  mud.   They 
can  usually  be  entirely  retracted,  and  are  ordinarily  foimd  so  in  pre- 
served material,  but  in  some  specimens  the  test  about  their  bases  is  thick 


Fig.  156.    Bosirichobranchus  piluU^ria  (Verrill)»  1871 

Left  and  right  sides  of  body,  tubes  extended,  X  1.3. 

and  tough,  and  it  is  doubtful  whether  they  can  be  drawn  in  to  any 
great  extent.  (Molgula  pellucid^^  Verrill,  1872,  appears  to  be  based  on 
specimens  having  little  adhering  mud  or  sand,  and  such  non-retractile 
siphons.  With  the  infonnation  at  present  available  it  does  not  appear 
to  be  vaUd,  even  as  a  tine  variety.) 

Branchial  apertiuc  six  lobed;  atrial  aperture  square. 

Test  over  most  of  the  body  thin  and,  when  the  foreign  matter  is 
rubbed  off,  transpaient  and  colorless,  or  with  a  bluish  or  greenish  tint. 
The  body  is  usually  unattached,  the  animal  living  bmied  in  the  sand  or 
mud.  It  sometimes  reaches  a  considerable  size  (25  to  35  nun.  in  maxi- 
mum diameter),  but  is  commonly  much  smaller,  often  only  8  to  10  mm., 
even  when  adult. 

Excepting  the  tubes,  which  have  conspicuous  circular  and  longi- 
tudinal muscle  bands,  the  mantle  is  thin  and  in  most  part€  without 
muscles.  The  longitudinal  bands  of  the  tubes  extend  out  on  to  the  body 
but  a  very  short  distance,  ending  abruptly  only  a  little  way  from  the 
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base  of  the  tubee;  along  each  side  of  the  mid-ventral  line  there  is  a  row 
of  many  very  short  but  stout  bands  transverse  to  that  line  and  parallel 
to  each  other.  None  of  these  reach  to  or  extend  across  the  mid-ventral 
line. 

Tentacles  rather  numerous,  of  four  orders ;  the  laiyest  two  or,  to  some 
extent,  three  times  compound. 

Dorsal  tubercle  C-shaped;  open  int«i'val  to  the  left. 

Dorsal  lamina  plain-edged. 

Branchial  sac  entirely  without  folds.  There  are  seven  very  wide 
but  thin  and  flat  internal  longitudinal  vessels,  and  five  transverse  vessels 
on  each  side.  The  walls  of  the  sac  are  occupied  by  internally  projecting 
infundibula,  very  tall  and  numerous,  and  distributed  without  apparent 
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¥V-  157'iag.     Bostridiobratwhiui  pUuUru  (VeiriU),  1871 
Tic.  1ST.    Tantw:lea,  X  2*.    Fl(.  iX.    Sirwll  pisn  or  brmnRhial  uf  (inn«  upcrt),  X  32.    Fie. 
IM.    DothI  tubercle,  X  18. 

regularity  in  old  individuals.  On  each  infunthbuluin  a  stigma  winds 
uninterruptedly  from  the  base  to  the  summit,  where  it  ends;  another 
b^ns  there  and  winding  to  the  base  between  the  roils  of  the  first  it 
crosses  the  flat  part  of  the  sac  to  an  adjacent  infundibulum  on  which  it 
winds  to  the  summit,  so  that  the  stigmata  form  chains  of  connect^ 
spirals  occupying  several  or  many  adjacent  infiin(Ubula. 

Alimentary  tract  forming  a  rather  narrow,  moderately  bent  loop. 
Stomach  elongate;  a  part  of  its  wall  is  differentiated  into  a  hepatic  organ. 

One  gonad,  consisting  of  a  flaak-shapcnl  or  elongate  ovary  bordered 
by  nimieroufi  small  testes  which  are  oval  or  two-  or  three-lobed.  It 
lies  in,  more  or  less  overlapped  or  covered  by,  the  intestinal  loop;  the 
ovary  is  prolonged  into  a  short,  stout  tube  or  oviduct,  extending  pos- 
teriorly and  dorsaUy.  No  gonad  on  the  r^ht  side  (see  exception  noted 
below). 
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Kidney  situated  on  the  right  side,  posterior  to  the  middle  of  the 
body. 

This  genus  is  represented  along  the  Atlantic  coast  of  North  America 
Irom  the  Gulf  of  St.  Lawrence,  if  not  from  farther  north,  to  the  west 
coast  of  Florida.  It  occurs  in  depths  of  from  K  to  120  fathoms  (the 
latter  depth  in  39*^  57'  N.,  70°  56'  W.  This  wide  distribution  and  the 
variability  exhibited  by  the  specimens  would  suggest  that  there  is  more 
than  one  species,  but  I  can  find  no  sufficient  basis  for  such  a  conclusion. 
It  is  much  commoner  than  is  generally  known,  as  it  lives  buried 
in  the  sand  or  mud  and  is  therefore  usually  only  to  be  obtained 
by  digging  or  dredging.  Thus  far,  the  only  record  from  the 
Southern  States  has  been  from  Fort  Macon,  North  Carolina  (collected 
by  Coues  and  Yarrow),  but  the  National  Museum  contains  two  small 
specimens  from  the  Gulf  coast  of  Florida,  from  the  banks  near  28°  56' 
N.  and  83°  W.,  and  from  St.  George's  Sound,  respectively.  The  St. 
George's  Sound  specimen  is  unique  in  having  a  gonad  on  each  side  of  the 
body.  Though  I  have  dissected  many  examples  of  this  species  from  vari- 
ous localities,  I  have  never  found  more  than  one  gonad  except  in  this 
case  and  therefore  regard  it  as  merely  an  individual  abnormality,  per- 
haps a  sporadic  case  of  reversion,  as  this  genus  is  doubtless  derived  from 
ancestors  having  a  gonad  on  each  side. 

If  sought  for  by  the  proper  methods,  this  species  will  probably  be 
found  to  be  much  more  numerous  and  widely  distributed  along  our 
southeastern  coast  than  has  been  supposed,  but  it  is  not  unlikely  that  its 
distribution  is  discontinuous  and  interrupted  by  the  southern  part  of  the 
Florida  peninsula,  as  appears  to  be  the  case  with  Molgtd^  manhattewns. 

Local  Lists  of  Species 
A. — Ascidians  from  Porto  Rico  (26  species  and  forms). 

Polyclinum  constellatum  Savigny,  1816 
Aplidium  lohatum  Savigny,  1816 
Trididemnum  savignii  (Herdman),  1886 
Tridideninum  savignii  form  porites  (Van  Name),  1902 
.  Trididemnum  solidum  (Van  Name),  1902 

Leptodinum  macdonaldi  (Herdman),  1886 
Didemnum  cavdidum  Savigny,  1816 
PolycUor  (EudisUmia)  olivaceua  (Van  Name),  1902 
Clavelina  oblonga  Herdman,  1880 
Hohzoa  bermudensis  (Van  Name),  1902 
Perophora  viridis  Verrill,  1871 
PhaUusia  nigra  Savigny,  1816 
Phallusia  hygomian^  Transtedt,  1882 
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PhaUiLsia  sydneienais  (Stimpson),  1855 
PhaUitaia  curvata  Traustedt,  1882 
Rhodosoma  peUucidum  (Stimpson),  1855 
Botryllu8  (Botrylloidea)  niger  (Herdman),  1886 
Symplegma  viride  brakenhielmi  (Michaelsen),  1904 
Polycarpa  ohteda  Traustedt,  1883 
Polycarpa  spongiabilis  Traustedt,  1883 
Styela  partita  (Stimpson),  1852 
Styela  plicata  (Lesueur),  1823 
Microcosmus  exasperatus  Heller,  1878 
Microcosmus  heUeri  Herdman,  1881 
Pyura  vittata  (Stimpson),  1852 
Molgula  occidentalie  Traustedt,  1883 

B, — Ascidians  from  the  former  Danish  West  Indies  (26  species  and  forms) . 

Aplidium  lobatum  Savigny,  1816 

Aplidium  {Amaroucium)  bennudie  (Van  Name),  1902 

Trididemnum  solidum  (Van  Name),  1902 

Didemnum  candidum  Savigny,  1816 

Leptodinum  macdonaldi  (Herdman),  1886 

Lissodinum  fragile  (Van  Name),  1902 

Polycitor  {Eudiatoma)  olivaceus  (Van  Name),  1902 

Polycitor  (Eudistoma)  olivaceus  form  ohscurattis  (Van  Name),  1902 

Polycitor  (Eudistoma)  hepaticus,  new  species 

Clavelina  oblonga  Herdman,  1880 

Holozoa  bermudensis  (Van  Name),  1902 

Ecteinascidia  turbinata  Herdman,  1880 

PhaUusia  nigra  Savigny,  1816 

PhaUusia  hygomiana  Traustedt,  1882 

PhaUusia  sydneiensis  (Stimpson),  1H55 

PhaUusia  curvata  Traustedt,  1882 

lAscidiella  styeloides  (Traustedt),  1882] 

Rhodosoma  peUucidum  (Stimpson),  18.5') 

Corella  mimUa  Traustedt,  1882 

Polycarpa  obtecta  Traustedt,  188:^ 

Styela  plicata  (Lesueur),  1823 

Microcosmus  exasperatus  Heller,  1878 

[Microcosmus  anchylodeirus  Traustedt,  ISS:^] 

Pyura  momus  form  pallida  (Heller),  187K 

Pyura  vittata  (Stimpson),  1852 

Molgula  occvlentalis  Traustedt,  1883 

C — Asoidians  from  the  coasts  of  Florida  and  adjacent  banks  (43  species 

and  forms). 

Polydinum  consiellatum  Savigny,  1816 
Aplidium  (Amaroucium)  bermuda-  (Van  Name),  1902 
Aplidium  (Afnaroucium)  j)eUucidum  form  coustellatum  (Verrill),  1871 
Aplidium  (Atnarourium)  fxile  (Van  Name).  llKy2.    (Identification  not  cer- 
tain.) 
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Tridideinnum  satngnii  (Herdman),  1886 

THdidemnum  satn^ii  form  pontes  (Van  Name),  1902 

IHdemiium  caiididum  Savigny,  1816 

IHdemnurn  fustferum,  new  species 

Didemnum  {Polysyncraton)  amethysteum  (Van  Name),  1902 

Leptodirium  macdonaldi  (Herdman),  1886 

Echinoclinum  verriUi  Van  Name,  1902 

Polycitor  {Eudisioma)  olivaceus  (Van  Name),  1902 

Polycitor  {Eudistonia)  olivaceus  form  obscuraius  (Van  Name),  1902 

Polycitor  (Eudistoma)  convexus  (Van  Name),  1902 

PolycUor  {Eudisioma)  hepaticus,  new  species 

Clavdina  oblonga  Herdman,  1880 

Clavelina  gigantea  (Sluiter),  1919 

Cystodyte^  dellechiaiae  (Delia  Valle),  1877 

Holozoa  hertnudensis  (Van  Name),  1902 

Holozoa  bursatay  new  species 

RhopaUea  abdominalis  (iSluiter),  1898 

Perophora  viridis  Verrill,  1871 

Edeinascidia  iurbinata  Herdman,  1880 

Phallusia  nigfra  Savigny,  1816 

Phallusia  hygomiana  Traustedt,  1882 

PhaUusia  curvata  Traustedt,  1882 

Rhodosoma  pellucidum  (Stimpson),  18.55 

Corella  minuta  lYaustedt,  1882 

Botryllus  schlosseri  (Pallas),  1766 

BoiryUus  (BoiryUoides)  niger  (Herdman),  1886 

Syinplegma  viride  brakenhielmi  (Michaelsen),  1904 

Polyandrocarpa  maxima  (Sluiter),  1904 

Polyandroc^rpa  {Eusynstyela)  floridanay  new  species 

Polyandrocarpa  (Eusynstyela)  tincta  (Van  Name),  1902 

Poly  car  pa  obtecta  Traustedt,  1883 

Polycarpa  circumaraia  (Sluiter),  1904 

SiyeU  partita  (Stimpson),  1852 

Styela  plic^a  (Lesueur),  1823 

Microcosmus  exasperatus  Heller,  1878 

Pyura  vittata  (Stimpson),  1852 

Motgula  manhattefuti^  (De  Kay),  1843 

Molgula  occidentalis  Traustedt,  1883 

Bostrichobranrhus  jnlularis  (Verrill),  1871 

D. — Ascidians  from  Bermuda  (31  species  and  forms.  The  second  column 
gives  the  name  used  for  the  species  in  my  previous  article  (1902) 
on  the  Bermuda  ascidians). 

Aplidium  (Amaroucium)  bermudse  (Van  Name), 

1902  Amaroucium  bermudae 

Aplidiu7n  (Amaroucium)  exile  (Van  Name),  1902  Amaroucium  exile 

Trididemnum  savignii  (Herdman),  1886  Didemnum  savignii-\-D.  atrocanum 
Trididemnum  savignii  form  porites  (Van  Nnme), 

1902  Didemnum  porites -{-D,  lucidnm 
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Present  Name 

Trididemnum  soUdum  (Van  Name),  1902 
Trididemnum  orbiculatum  (Van  Name),  1902 
Didemnum  candidum  Savigny,  1816 

Didetnnum   (Polysyncraton)   amethysteum   (Van 

Name),  1902 
Leptoclinum  macdonaldi  (Herdman),  1886 

Ldssoclinum  fragile  (Van  Name).  1902 
Echinoclinum  t>erriUi  Van  Name,  1902 
PolycUor  (Eudistoma)  olivaceiis  (Van  Name), 

1902 
PolycUor  (Eudistoma)  olivaceiis  form  ohscuratus 

(Van  Name),  1902 
Polycitor  (Evdistoma)  cont^xus  (Van  Name), 

1902 
Polycitor  (Eudiaioma)  clarus  (Van  Name),  1902 
Polycitor  {Eudistoma)  capsylatus  (Van  Name), 

1902 
Clavelina  oblonga  Herdman,  1880 

Cystodytea  dellechiaix  (Delia  Valle),  1877 
Holozoa  bermudensis  (Van  Name),  1902 
Perophora  viridis  Verrill,  1871 
Eeteinascidia  twrbinata  Herdman,  1880 
Phallusia  nigra  Savigny,  1816 
Phallusia  cvrvata  Trauatedt,  1882 
Botryllus  (BotryUoides)  niger  (Herdman),  1886 
Symjjlegma  viride  Herdman,  1886 

Polyandrocarpa  (Eusynstyela)  tinda  (Van  Name), 

1902 
Polycarpa  obtecta  Traufitedt,  1883 
Siyela  partita  bermudensis  (Van  Name),  1902 
Styela  plicata  (Lesueur),  1823 
MierocosmiLs  exasperatus  Heller,  1878 
Pyura  vUtata  (Stimpson),  1852 


Van  Name,  1902 

Didemnum  solidum 
Didemnum  orbiculatum 
Leptoclinum  speciosum  (+ 
varieties) 

Polysyncraton  amethysteum 
Diplosoma     macdonaldi-\'D.     lao- 

ieum-\-D.  atropuruiatum 
Diplosomoides  fragile 
Echinoclinum  verriUi 

Diploma  olivaceum 

Distoma  obscuratum 

Distoma  convexum 
Distoma  clarum 

Distoma  capsulatum 
Clavelina   oblonga + Rhodozona 

rncta 
Cystodytes  draschii-\-C.  violaceus 
Distaplia  bermudensis 
Perophora  viridis 
Ecteinasddia  turbinata 
Ascidia  atra 
Ascidia  curvata 

BotryUoides    nigrum  (+varietie8) 
Diandrocarpa  botryUopsis  + 
SympUgma  viride 

Michaelsenia  tincta 
Polycarpa  obtecta 
Styela  partita  var.  bermudensis 
Not  recorded 
Microcosmus  miniatus 
Halocynthia       rvbrilabia    +    ff* 
riiseana  var.  munUa 


Alphabetical  List  of  Ascidians  (Including  Stnontmb)  Repobted 
From  The  West  Indian  and  Neighboring  Regions 

The  synoD3m[is  included  are  those  referring  to  the  species  as  in- 
habitants of  the  region  covered  by  this  article. 

Varieties  and  subspecies  are  not  included  (except  those  that  have 
at  some  time  been  treated  as  full  species),  but  are  dealt  with  in  the 
systematic  part  of  this  article  under  the  species  to  which  they  belong. 

Full  titles  of  works  referred  to  will  be  found  in  the  bibliography  at 
the  end  of  this  article. 

Amsrascium.    Syn.  of  Amaroucium. 

Amaroucium.    In  this  article  treate<^  as  a  subgenus  of  Aplidium,    See  species  listed 

under  Aplidium. 
Amourovcium.    Syn.  of  AmsLroudum. 
Aplidium  lohatum.  See  p.  303. 

"         crsi88U7n  Herdman,  1886,  p.  207,  PI.  xxv,  figs.  15, 16.    From  Bahia,  Braiil, 
in  shallow  water. 

(subgenus  Amaroudum)  hermudse.    See  p.  305. 
"  "  comteOaium,   See  p.  310^ 

exOe.   See  p.  311. 
''  *'  pdlucidum.    See  p.  309. 

"  ''  steUatum.    See  p.  308. 

Ascidea.   Syn.  of  Ascidia. 

Aacidia  aJbeola  Lesueur,  1823,  p.  3,  PI.  ii,  fig.  1.    From  Guadeloupe.    A  minute,  prob- 
ably immature  form.    Genus  uncertain.    Hartmeyer,  1909-1911,  p.  1630, 
assigns  it  to  the  genus  Ecteina^cidia . 
"       aira  =  PhaUusia  nigra. 
"       cavernosa  Lesueur,  1823,  p.  2,  PI.  i,  fig.  1.  From  St.  Bartholomew  Id.    Genus 

uncertain.    Hartmeyer  (1909-1911,  p.  1630)  assigns  it  to  the  genus  Pyura. 
"       clavifonnia.     Probably  either  Ecteiri ascidia  turbinata   or    Claveliiia   oblonga. 

See  p.  379. 
"       curvata=Phallusia  curvata. 

"       interrupta.    Perhaps  =  P/iaZ/o^ia  hygomiana.    See  p.  386. 
"       lohifera  Lesueur,  1823,  p.  7.    Xo  locality  given,  perhaps  not  West  Indian. 

Genus  uncertain. 
'*       longituhis  =  Phallu-sia  sydneiensis. 
"       manhattetm^  =  Molgula  nianhattensis. 
*  *       monstrans  —  Phallusia  monstra  rw . 

"       muUifomiis  Lesueur,  1823,  p.  3,  PI.  ii,  figs.  2-A.    From  Guadeloupe.    Genus 
imcertain.    Hartmeyer  (1909-1911)   assigns  the  species   Caesira    (syn.   of 
Molgula). 
"       nigra  =  Phallusia  nigra. 

"       ovalis  Lesueur,  1823,  p.  6,  PI.  in,  fig.  a.    From  the  bottom  of  a  vessel,  Phila- 
delphia.   Genus  uncertain.    Pos.sibly  it  may  be  PhaUima  hygomiana, 
* '       plica  fa  =  Styela  plira  la . 

"       proboiicidea  Ix'suour,  1823,  p.  6,  PI.  i,  figs.  4,  5.    From  Florida.    Probably  not 
an  ascidian. 
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Ascidia  prostrate  =  Phallusia  prostrata. 
"       styeloides  ^Ascidiella  atyeloides. 
"       sydneiensis  ^  Phallu8ta  sydneiensis. 

"       variabilis  Lesueur,  1823,  p.  4,  PI.  ii,  fig.  5.    From  St.  Thomas.    Identity  un- 
certain.   Hartmeyer  (1909-1911,  p.  1630)  assigns  it  to  the  genus  Pytira, 
but  it  may  be  Microcosnius  exasperalus. 
Ascidiella  styeloides.     This  is  evidently  the  correct  genus  for  Phallusia  styeloides 
Traustedt  (1882,  pp.  277,  286,  PI.  iv,  fig.  5;  PI.  v,  fig.  16)  from  St.  Croix 
and  St.  Thomas,  as  it  is  described  as  having  no  papillse  on  the  internal 
longitudinal  vessels  and  the  intestinal  loop  little  bent,  both  characters  mark- 
ing the  genus  Ascidiella  Roule,  1883. 
BoUenia  coacta     ^Pyura  legumen. 
"       coarcta  =       " 
"       legumen  =^       " 
Bostrichobranchus  pilularis.   See  p.  475. 
Botrylloides.   In  this  article  treated  as  a  subgenus  of  BotryUus,   See  species  listed  unde  r 

Botryllus. 
BotryUus  gouldi^B,  schlosseri. 
"        goiddii^B.  schlosseri. 
"        schlosseri.    See  p.  398. 
'*        (subgenus  Botrylloides)  cfiazaliei  Sluiter,  1898,  p.   10.     From   Marguerita 

Island  (lagoon).    Perhaps  not  distinct  from  B.  niger, 
"        (subgenus  Botrylloides)  niger.    See  p.  399. 

*'  **  "  perspicuus  var.  ruhicundus  (Botrylloides  perspicuum 

var.  rubicundu7n  Herdman,  1886,  p.  48,  PI.  i,  figs.  6,  7;  PI.  in,  figs.  16- 
18).    Philippines       Listed   from    Bermuda    by  Hartmeyer,    1909-1911, 
p.  1633,  probably  by  mistake. 
Botrymchis  atlarUicus—Slyela  atlatdica. 
Ca'sira.    Syn.  of  Molgida.   See  Hpeines  listed  under  Molgula. 
CeUulophana  coUectrix  —  llolozoa  coUcclrix. 
Chondroslachys  oblonga  =  Clavelirui  oblonga. 

daviformis  =^  Ascidia  clamformis. 
picta  —  Clavelina  oblonga . 
Ciona  abdominalis  =  Rhopalxa  abdominalis. 
Clavelina  gigantea.    See  p.  358. 
'^        oUonga.   See  p.  354. 
' '        picta  B  Clavelina  oblonga . 
Clavellina .    Misprint  for  Clavelina . 
Colella  sigUlinoides  ^Sycozoa  sigillinoides. 

Corella  eumyota  Traustedt,  1882,  p.  273,  PI.  iv,  figs.  2,  3;  PL  v,  figs.  13,  14.    From 
Bahia,  Brazil,  and  Valparaiso,  Chile,  Patagonia,  etc.   Also  South  Africa, 
Sluiter,  1897,  p.  40,  PI.  v,  fig.  14,  and  West  Africa,  Michaelsen,  1915,  p.  4*23. 
Corella  minuta.    See  p.  395. 

Cynthia  amphora  Gould,  1852,  p.  495,  PI.  lii,  fig.  609.     Rio  Janeiro,  Brazil,  4-5 
fathoms.    Genus  doubtful. 
"       chazaliei  *  Pyura  chazaliei. 
'  *       daudicans  »  Microcosmus  cla  udica  ns . 
"       discrepans  "  Pyura  discrepans. 
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Cynthia  dura^Pyura.  squamulosa  variety  dura. 
' '       laevigata  —  Pyura  vittata . 
'*       noduhsa  von  Drasche,  1884,  p.  375.    Not  West  Indian  ;  =  Pyfxra  sociaUs 

(Troschel)  1852,  from  Chile  and  Peru. 
' *       pallida  =  Pyura  7nomu8  form  pallida . 
"       partita  =Styela  partita. 
"       plicata^Styela  plicata. 
*  *       riiseana  —  Pyura  vittata . 
"       suhcserulea  Stimpson,  1852,  p.  331.    From  Oak  Id.  Beach,  North  Carolina. 

A  small  and  perhaps  immature  form.    Genus  doubtful.   See  p.  419. 
' '       lorpida  =  Pyura  tarpida . 
'  *       vittata  =  Pyura  vittata . 
CyatodUes.   Syn.  of  Cystodytes. 
Cyslodytes  deUechiaix.    See  p.  360. 
"         deUechiajei^C.  deUechiaix. 
*  *         draachei  =  C.  deUechiaix. 
"         draschii  —  C.  deUechiaix. 
"         violaceu8  =  C.  deUechiaix. 
Diandrocarpa  hoiryUopsis—Symplegma  viride. 

"  hrakenhielmi  =Symplegma  viride  brakenhielmi. 

Diazona  picia  =  ClaveUna  ohlonga. 

"       geayi  Caullery,   1914,  Bull.  Soc.  Zool.  France,  XXXIX,  p.  204,  figs.  1,  2. 
From  French  Guiana.    Perhaps  a  Clavdina. 
Didemnopsis  inerme  =  Didemnum  inerme. 
Didemnum  amethyateum.    See  p.  333. 

annedena   (Leptoclinum  annectens  Herdman,    1886,  p.  280,  PI.    xxxiv, 
fig.  14;   PI.  XXXVIII,  figs.  5-9).    From  Bahia,  Brazil,  shallow  wat-er.  Per- 
haps not  distinct  from  D.  candiduin. 
atrocanum  =  Trididemnum  aavignii. 
carvdidum.    See  p.  323. 
"  cineraceum  {Leptoclinum  dneraceum  Sluiter,  1898,  p.  30,  PI.  ii,  figs.   41 

41a;  PI.  Ill,  fig.  48).    Kingston,  Jamaica. 
"         conrhyliatum  (Leptoclinum  conchyliatum  Sluiter,  1898,  p.  29,  PI.  in,  fig. 

47).    From  Curacjao  and  Jamaica  (Kingston). 
"        Jusiferum.    See  p.  331. 
"        inerme  Herdman,  1886,  p.  265,  PI.  xxxiv,  figs.  6,  7.      From  Bermuda. 

Described  from  very  poor  specimens.    Genus  and  family  very  doubtful. 
"  lucidum  =  TridUiemnum  aavignii  form  porites. 

"  lutarium=D.  candidum  hdarium.    See  p.  323. 

"  orhiculatum  =  Trididemnum  orhiculaium. 

"  porites  =  Trididemnum  savignii  form  poriiea. 

'  *  solidum  =  Trididemnum  aolidum . 

savignii  =  Trididemnum  savignii. 
savignyi  =  Trididemnum  aavignii. 
spedosum  =  D.  candidum. 
"         atudcri.    Not  West  Indian.     See  p.  331. 

tenne  (Leptoclinum  tenue  Herdman,  1886,  p.  281,  PI.  xxxix,  figs.  S-11; 
PI.  XL,  figs.  3-5).  Sluiter,  1898,  p.  31,  reports  this  from  Los  Testigos  Islands. 
It  would  seem  much  more  likely  that  Sluiter's  specimens  were  D.  candidum. 
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Didemnum  (subgenus  Polysyncraton)  amethysteum.    See  p.  333. 
Diplaaoma.    Misprint  for  Diplosoma. 
Diplosonia  sUropundatum  ^  Leptoclinum  inacdonaldi. 
"  lacteum  =  Leptoclinum  rnacdonaldi. 

"         macdonaldi  ^  Leptoclinum  macdonaldi. 
fhplosojnoides.    Syn.  of  LissocUnuin.    See  species  under  Lissoclinum. 
Distalium.    Misprint  for  Z>i«/ap/ia. 
Distaplia.    Syn.  of  Holozoa.   See  species  imder  Holozoa. 
Distoma.    Syn.  of  Polyciior.    See  species  under  Polycitor. 
Echinoclinum  verriUi.   See  p.  340. 
Ecteinascidia  albeola.^Ascidia  aWeola. 

thur8toni.    Not  West  Indian.    See  p.  379. 
turbinata.    See  p.  375. 
Eudistoma.     Subgenus  of  Polyciior^  sometimes  given  rank  of  a  genus.   See  species 

under  Polycitor. 
Eusynstyela.    Here  treated  as  a  subgenus  of  Polyandrocarpa.     See  species  under 

Polyandrocarpa . 
Halocynthia  microapinosa  —  Tethyum  microapinosum. 
"  pallida  ==  Pyura  momus  form  pallida . 

* '  riiseana  =  Pyura  vittata . 

"  rubrilabia  =  Pyura  vittata. 

Holozoa  hermudensia.    See  p.  363. 
buraata.    See  p.  366. 

coUectrix  (Cellulophana  coUectHx  O.  Schmidt,  1870,  p.  25).    Sec  p.  305. 
Ijeptoclinum  annectena  ^  Didemnum  ajinectena. 
**  atropunctaium^L.macdonaldi. 

' '  cineraceum  =  Didemnum  cineraceum . 

**  conchyliatum  —  Didemnum  conchyliatum . 

"  lacieam—L.  macdonaldi. 

'*  macdonaldi.    See  p.  335. 

"  apedoaum  — Didemnum  candidum. 

"  tenue^  Didemnum  tenue. 

Liaaoclinum  fragile.    See  p.  338. 
"  moUe.    Seep.  339. 

Michaelaeniatincta  =  Polyandrocarpa  (Euaynatyela)  tincta. 

Mirroconmua  anchylodeirua  Traust-edt,  1883,  pp.  121,  133,  PI.  vi,  fig.  18.    From  St. 
Thomas.    Michaelsen,  1919,  pp.  58,  62  considers  this  possibly  identical 
with  M.  pupa  Savigny,  1816,  from  the  Red  Sea.      See  p.  466. 
biconiH>lutwt  Sluiter,  1898,  p.  26,  PI.  ii,  fig.s.  3(V-38.    From  Curasao. 
claudicana  {Cynthia  claudicans  Savigny,  1816,  p.  150,  PI.  ii,  fig.  1). 
Reported  by  Heller,  1878,  i)p.  83,  84,  as  probably  occurring  in  the  Antilles. 
It  is  more  likely  that  his  specimens  were  3/.  eiaaperatua. 
"  diatana  =  M.  exaaperatua. 

exaaperatua.    See  p.  459. 
hOlen,    See  p.  463. 
minisdua^M.  exaaperatua. 
"  pupa.    See  under  Af.  anchylodcirua. 

variegatua  =  Af .  exaaperatua. 
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Molgulina  coniorta  =  Molgula  corUorta. 

'*  eugyrovles  =  Afolffula  eugyroides. 

Molgula  corUorta  Sluiter,  1898,  p.  28,  PI.  ii,  figs.  39,  40.  From  Rio  Hacha,  Goajira. 
Colombia.    Related  to  M.  eugyroides. 
"       eugyroides  Traustedt,  1883,  p.  112,  PI.  v,  figs.  1-3.     Prom  Bahia,   Brazil. 
Hartmeyer  (1914)  has  made  this  species  the  type  of  a  genus,  Molgulinstt  the 
branchial  sac  showing  an  approach  to  the  condition  found  in  the  genus 
Eugyra,  having  large  regalarly  placed  infundibula  with  long  spiral  stigmata. 
"       koreni.   Credited  to  the  West  Indies  by  mistake  (Herdman),  1891 . 
"       lutvlenta.    See  p.  474. 
"       manhattensis.    See  p.  471. 
"       multiformis  ^AscidiamuUiformis. 
"       occidentalis.    See  p.  467. 
"       peUucida.    See  p.  476. 

"       sordida  Stimpson,  1852,  p.  229.    From  rocks  off  the  breakwaters  of  Charles- 
ton, S.  C,  Harbor.   Insufficiently  described,  but  probably = M.  marikaUenfis. 
Not  M.  sordida  Sluiter,  1904,  which  is  from  the  Malay  region. 
*'        tenax  -  M.  papulosa  Verrill,  1871 .   Credited  to  the  West  Indies  by  Herdman, 
1891,  by  mistake. 
Pawlocia.    Syn.  of  Polycarpa.  As  used  by  Sluiter,  it  ranks  as  a  subgenus  of  Stycla. 

See  species  under  Polycarpa. 
Perophora  viridis.    See  p.  373. 
Phallusia  atra—Ph.  nigra. 

"        atrales.    Misprint  for  Ph.  atra. 
"       can^liculata  =  Phallusia  sydneiensis. 
"        curvata.    See  p.  389. 

"        interrupta  (Ascidia  inJerrupfn,  Heller,  1878,  p.  89,  PI.  ii,  fig.  9).      From 
Jjimaica.    Perhaps  th(^  same  as  Ph.  hygomuiiiu. 
hygomianH.     Sec  p.  '383. 
hf  n  (fit  u  b  is  =  Ph.  syd  mnen^'<  in . 

ttMnatrHHii  {Ascidi^  fnotmtnm^  (lould,  1852,  p.  496,  PI.  Lii,  fig.  till).     From 
near  entrance  of  harbor,  Rio  Janeiro,  Brazil,  in  3  fathoms,  attached  to  old 
shells,  etc. 
nigra.     See  p.  379. 
"        proMrata  (Ascidia  prostrala  Heller,  1878,  p.  90,  PI.  i,  fig.  4).    From  Jamaica. 
*  *        styeloid^s  =  A  scidiella  styeloides . 
"        ifydtieien^ifi.     See  p.  386. 
PhalluMopsis  nigra  =  Phallusia  nigra. 
Polyandrocarpa  maxima.     See  p.  412. 

sahanillse..     See  p.  409. 

(subgenus  Eu^ynstyela)  jloridana.     See  p.  417. 

tinda.     See  p.  414. 
Polycarpa  approfririquata  {Stycla^  subgenus  Polycarpa^  appropinquata  SXuiier,  1898.  p. 
18,  PI.  I,  figs.  19-21).    From  Ka  Tortuga  Id.,  Venezuela. 
"         aa^iphonira  (Stycla,  subgtMms  Polycarpa,  asiphonica^  Sluiter,  1898,    p.    17. 

PI.  I,  figs.  16-lS).    From  Goajira,  Rio  Hacha,  Colombia,  6-7  meters. 
"         breripcdunculata    {Styela,   subgenus   Polyc^rpa^   hrevipedunndata    {Sluiter. 
1898,  p.  15,  PI.  I,  fig.  12).    From  Curasao. 
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PolycarpsL  cairtUaginesL  (Styela,  subgenus  PolycarpsLf  cartihffinea  Sluiter,   1898,    p. 
16,  PI.  I,  figs.  13-16).    From  Gairaca  and  Santa  Marta,  Colombia.    Ap- 
parently related  to  P.  ohteda. 
'*         circumstrata.    See  p.  428. 
"        fibrosa.    See  p.  296. 
"         friabiUa  (SiyeUy  subgenus  Polycarpa,  friabiUs  Sluiter,  1898,  p.  13,  PI.  i, 

fig.  11).    From  Jamaica  (Kingston).    Apparently  related  to  P.  obtecia. 
"         fuliginea  (Styela^  subgenus  Polycarpa,  fuUginea  Sluiter,  1898,  p.  12,  PI.  i, 
fig.  10;  PI.  Ill,  fig.  45) .   From  near  the  Tortugas  Ids.,  45  meters.    (Probably 
La  Tortuga,  Venezuela  is  meant.) 
**         inetUsa  (Styelaf  subgenus  Polycarpa,  insulsa  Sluiter,  1898,  p.  14,  PI.  iii, 

fig.  43) .   From  Los  Testigos  Ids. 
"         nivosa  iStyela^  subgenus  Polycarpa^  nivosa  Sluiter,  1898,  p.  12,  PI.  i,  fig.  9; 

PI.  Ill,  fig.  46).   Santa  Marta,  Colombia,  30  meters. 
"         obtecta.    See  p.  420. 

"  pileUa  Herdman,  1881,  p.  73;  1882,  p.  174,  PL  xxii,  figs.  11-15.  From 
Bahia,  Brazil,  7-20  fathoms.  (Not  P.  pilella  Herdman,  1899,  from  Australia, 
according  to  Michaelsen,  1912). 

rugosa  von  Drasche,  1884,  p.  380,  PI.  vii,  figs.  3,  4.    From  Rio  Janeiro, 
Brazil.    Apparently  related  to  P.  ohieda. 

seminuda  {Siyda^  subgenus  Polycarpay  aeminuda  Sluiter,  1898,  p.  19,  PI.  u, 
figs.  22,  23).    From  La  Tortuga  Id.,  Venezuela.    45  meters.    Apparently 
related  to  P.  obtecia. 
**         spongiabilis.    See  p.  424. 

"         tumida  Heller,  1878,  p.  103,  PL  ii,  fig.  15.    Probably  the  same  as  P.  obtecta. 
PolycUor  (Eudiatoma)  capsulatus.    See  p.  352. 
"  "  clarus.    See  p.  350. 

"  '*  corwexus.    See  p.  346. 

"        giganteus  —  Clavelina  gigaritea. 
"        (Eudistoma)  mayeri^P.  convexm. 
"  "  kepatiais.    See  p.  348. 

"  **  obscuratiis^P.  (E.)  olivaceiis  form  obscuratits.     See  p.  345. 

"  "  olivaceus.     See  p.  343. 

Polyclinum  conateUaium.    See  p.  299. 

Polysyncraion  amethysteum  —  Didemnum  (subgenus  Polyayncraton)  amelhyalenm. 
Peammaplidium  Junginum  Sluiter,  1898,  p.  31.    From  La  Tortuga  Id. 
Puyra,    Misprint  for  Pyura. 
Pyura  amphora  ^Cynthia  amphora. 
**      antillarum.    See  p.  451. 
"      cavernosa  *=A8cidia  cavernosa.   • 
"      chasaliei  (Cynthia  chazaliei  Sluiter,  1898,  p.  22,  PL  ii,  figs.  29,  30.    From  Santa 

Marta,  Colombia. 
"      coada^P.  legumen. 

"      diacrepane  (Cynthia  discrepans  Sluiter,  1898,  p.  23,  PL  ii,  figs.  31-34;  PL  in, 
fig.  44).     From  Gulf  of  Cariaco,  Santa  Maria,  Colombia,  and  Kingston, 
Jamaica. 
"      dura  —  P.  aquamidosa  variety  dura . 
"      Ixvigata^^P.vittata. 
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Pyura  legumen  (Lesson),  1830;    Hartmeyer  (1909-1911,  pp.  1629-1632),  indicate! 
that  BoUenia  coada  Gould,  1852,  p.  496.   AtUus,  p.  16,  Fl.  ui,  fig.  212,  which 
is  evidently  identical  with  this  species,  was  from  the  Gulf  of  Mexico.  Goiild, 
however,  gives  the  locality  Orange  Harbor  (Terra  del  Fuego).    The  species 
is  sub-antarctic  in  distribution,  and  its  occurrence  in  the  Gulf  of  Mexico 
seems  very  improbable. 
^'      motnus  form  pallida.    See  p.  454. 
"      pallida.'^ P.  motnus  form  pallida. 
"      riiaeana^P.  viitata. 
"      rubrilabia  —  P.  vittaia. 

*'      sqfuamulosa  variety  dura  Heller,  1878,  p.  8S  (probably  incorrectly)  repwts  this 
Mediterranean  form  from  the  Antilles  and  New  Zealand  under  the  name 
CyrUhia  dura. 
"      torpida  {CyrUhia  iorpida  Sluiter,  1898,  p.  21,  PI.  ii,  figp.  25-28).    From  Santa 

Marta,  Colombia. 
''      variabilis  ^Asddia  variabilis. 
"      viUaia.    See  p.  446. 
Pyurae.     Misprint  for  Pyura. 
Rhahdoq/nthia  pallida  ^^ Pyura  momus  form  pallida. 
Rhodosoma  pellucidum.    See  p.  392. 
"  pyxis  —  Rh .  peUxAcidum 

"  seminudum^Rh.  pellucidum 

Rhodozona  pida^Clavelina  ohlonga. 
Stereodavella  ohlonga '^^Clavelina  ohlonga. 
Styela  atlarUica.    See  p.  440. 

"      appropinquata  =^  Polycarpa  appropinquata. 
"      asiphonica  =  Polycarpa  asiphonica. 
'  *      breviped  unculata  =  Polycarpa  brevipedunctdata . 
' '      ca  nopoides  =  Styela  partita . 
"      cartilaginea  —  Polycarpa  cartilaginea . 
' '     friabilis  =  Polycarpa  friabilis . 
'  *     fuliginea  =  Polycarpa  fxdiginea . 
"      insulsa  =  Polycarpa  insulsa . 
**      nivosa  =  Polycarpa  nivosa . 
"      partita.     See  p.  431. 
*^      plicata.     See  p.  435. 
"      seminuda  =  Polycarpa  setninuda. 
Stygela.     Misprint  for  Styela. 

Sycozoa  sigiUinoides  (Lesson) ,  1870.     A  colony  of  this  species  reported  floating  ofif  the 
coast  of  Rio  Grande  del  Norte,  Brazil,  by  Michaelsen,  1907,  p.  47.    It 
had  doubtless  drifted  from  much  farther  south,  and  cannot  be  regarded  as 
belonging  to  the  fauna  of  this  region. 
Symplegrna  viride.     See  p.  404. 

"         brakenhielini  ==  Symplegrna  viride  brakenhielmi.     See  p.  407. 
Tethyum  atlanticum=  Styela  atlantica. 
"       canopoides=  Styela  partita, 
micros pinosum.     See  p.  441. 
pa  rtit  u  m  =  Styela  part  it  a . 
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Tethyum  plicaium^Styela  plicsUa. 
Thallusia.     Misprint  for  PhaUusia. 
TciyeUor.     Misprint  for  Polycitor. 
Trididemnum  atrocanum  =  T.  savignii. 

"  lucidum  =  T.  samgnii  form  pontes. 

"  orhiculaium.    See  p.  320. 

"  poritea  —  T.  aavignii  form  pontes.     See  p.  317. 

"  samgnii.    See  p.  314. 

"  savignyi^T.  savignii. 

"  solidum.    See  p.  318. 

Tunica  nigra  —  PhaUiisia  nigra. 
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INTRODUCTION 

The  diving  petrels  (Peleeanoidida)  comprise  a  strikingly  homo- 
geneous, monogeneric,  obviously  ancient  group  of  Tubinares,  the 
members  of  which  exhibit  few  characters  that  might  indicate  their 
relationships  with  other  divisions  of  the  order.  They  have  therefore 
always  presented  a  difficult  problem  to  taxonomists.  Confined  entirely 
to  the  southern  hemisphere,  where  they  have  long  been  pointed  out  as 
biological  analogues  of  the  auklets  and  murrelets  of  the  north,  the 
Pelecanoididse  have  become  distributed  through  a  broad  south  temp)erate 
and  subantarctic  belt,  one  species  alone  having  extended  its  range  north- 
ward along  the  west  coast  of  America  into  the  tropics. 

*F1nt  contribation,  1017,  *  A  New  AlbatroM  from  the  Weet  Coast  of  South  America.'  Bull.  Amer. 
Mua.  Nat.  Hiat.,  XXXVII,  pp.  861-864.  Second  contributioD.  1018.  'A  Study  of  the  Atlantic 
OecanOet/  Bull.  Amer.  Mua.  Nat.  Hiat..  XXXVIII.  pp.  117-146. 
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Five  species,  representing  four  subgenera,  are  recognizable  among 
the  numerous  specimens  studied  by  the  writers.  Relatively  speaking,  the 
distinctions  between  the  subgenera  are  subtle,  if  not  slight.  When  we 
add  to  this  the  facts  that  reasonably  large  series  of  properly  prepared 
specimens  have  never  until  within  the  last  few  years  been  brought 
together,  and  that  the  ranges  of  two  species  have  been  found  to  be  ol 
extraordinary  extent ,  it  is  not  surprising  that  the  specific  and  geographic 
status  of  the  various  representatives  has  been  so  generally  misunder- 
stood. So  able  a  systematist  as  Dr.  Coues  wrote  in  1866  that  the  three 
species  which  he  provisionally  recognized  might  "without  great  violence" 
be  considered  as  extremes  of  a  single  very  variable  type.  This  investi- 
gator's material,  however,  was  doubtless  insufficient  for  him  to  appreciate 
certain  structural  characters  of  the  bill  upon  which  the  current  classifi- 
cations are  largely  based .  It  is  noteworthy  t  hat  two  of  the  forms  to  which 
Coues  referred  have,  by  both  a  previous  and  a  later  authority,  been 
relegated  to  different  genera. 

Material  and  Acknowledgments 

Approximately  500  specimens  of  Pelecanoididse  in  American  col- 
lections, and  100  specimens  in  European  collections,  have  been  examined 
by  the  writers  in  the  preparation  of  the  present  review.  Of  this  number, 
one  hundred  and  eighty-seven  skins,  belonging  to  the  Brewster-Sanford 
Collection,  were  taken  in  Peru,  Chile,  the  Fuegian  region,  and  the  Falk- 
land Islands  by  Mr.  R.  H.  Beck,  between  1913  and  1915.  Two  hundred 
and  forty-six  skins,  comprising  the  type  and  topotypes  of  a  newly 
described  species,  were  collected  in  the  breeding  seasons  of  1912,  1913, 
and  1914,  at  the  island  of  South  Georgia,  by  the  senior  writer  and  by  Mr. 
Jogeph  G.  Correia,  of  New  Bedford,  Massachusetts.  Specimens  of  the 
Old  World  diving  petrels  are  still  regrettably  scarce  in  American  mu- 
semns,  but  we  have  had  at  our  disposal  the  skins  collected  at  Kerguelen 
Island  bv  Dr.  Kidder  in  1872,  V)esides  a  small  series  of  birds  from  New 
Zealand  and  its  outliers. 

Our  hearty  thanks  for  the  loan  of  material  are  due  the  folloyiing 
institutionsandindividuals:  the  United  States  National  Museum,  through 
Dr.  Charles  W.  Richmond ;  the  Philadelphia  Academy  of  Natural  Sciences, 
through  Dr.  Witmer  Stone;  the  Museum  of  Comparative  Zoolog}'. 
through  Mr.  Outram  Bangs;  the  Carnegie  Museum,  through  Mr.  W.  E. 
Clyde  Todd;  the  Boston  Society  of  Natural  Historj%  through  Mr. 
W.  Sprague  Brooks;  the  Michigan  University  Museum,  through 
Dr.  Alexander  G.  Ruthven;  the  Public  Museum  of  Milwaukee,  through 
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Mr.  Henry  L.  Ward;  the  California  Academy  of  Sciences,  through 
Dr.  Barton  W.  Evermann;  and  Mr.  James  H.  Fleming,  of  Toronto. 

In  May  1919,  after  this  paper  was  already  in  proof,  the  junior  writer 
was  enabled  to  make  a  brief  visit  to  several  museums  in  England  and 
France,  and  to  examine  there  a  large  amount  of  especially  interesting 
material  pertinent  to  the  present  study.  This  material  included  the 
types  or  type  series  of  six  described  forms  of  Pelecanoididse  {Puffinuria 
gamotii  lessoni  Mathews,  Puffinuria  garnotii  magellani  Mathews,  Pele- 
canoides  urinatrix  belcheri  Mathews,  Pelecanoid^s  exsul  Salvin,  Pele- 
canoides  dacunhae  Nicoll,  and  Pelecanoides  urinatrix  coppingeri  Mathews), 
two  of  which  are  not  represented  by  topotypes  in  American  collections. 
Many  courtesies  and  facilities  were  extended  by  Mr.  Charles  Chubb 
and  Mr.  David  A.  Bannerman,  of  the  British  Museum,  by  Mr.  Gregorj' 
M.  Mathews,  of  the  Austral  Avian  Museum,  by  Dr.  Ernst  Hartert,  of  the 
2k>ological  Museum,  Tring,  and  by  Dr.  E.-L.  Trouessart,  of  the  Museum 
National  d'Histoire  Naturelle,  Paris',  to  all  of  whom  we  are  glad  to 
acknowledge  our  indebtedness  and  express  our  appreciation.  The  results 
of  our  all  too  brief  studies  in  these  institutions  have  been  incorporated 
in  the  present  work. 

We  are  also  much  indebted  to  Dr.  Frank  M.  Chapman  and  Dr.  W. 
D.  Matthew,  of  The  American  Museum  of  Natural  History,  for  reading 
the  manuscript;  to  Dr.  R.  E.  Coker,  of  the  United  States  Bureau  of 
Fisheries,  for  placing  at  our  disposal  his  account  of  Pelecanoides  gamoti 
in  advance  of  its  publication  in  his  paper  on  the  guano  birds  of  Peru* ; 
to  Dr.  Harry  C.  Oberholser,  of  the  United  States  Biological  Survey,  for 
helpful  advice  and  criticism  during  the  course  of  our  investigations; 
and  to  Mr.  James  P.  Chapin,  of  The  American  Museum  of  Natural  His- 
tory, for  making  the  sectional  drawing  of  the  bill  of  Pelecanoides  gamoti 
which  is  reproduced  in  Fig.  1. 

History 

The  early  history  of  the  nomenclature  of  the  diving  petrels  is  sum- 
marized by  Mathews  in  the  *  Birds  of  Australia,'  II,  pp.  232-239.  The 
important  steps  in  the  successive  discoveries,  descriptions,  and  revisions 
are  listed  and  brought  up  to  date  below. 

1789.  Gmelin  (*Syst.  Nat.,'  p.  560)  founded  the  species  ProceUaria 
urinatrix  from  the  description  in  Latham's  Synopsis,  which  was  in  turn 
based  upon  Forster's  drawing  made  from  a  specimen  taken  in  Queen 
Charlotte  Sound,  New  Zealand. 


«M»10.  Proo.  U.  8.  Nat.  Mub  .  LVI.  pp.  449-511. 
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1824.  QuoY  AND  Gaimard  C  Voy.  Uranie  et  Physicienne,  Zool.,' 
p.  135,  PI.  xxxvii)  described  and  figured  Procelhria  berard  from  a 
specimen  which  came  on  board  their  vessel  near  the  Falkland  Islands. 

1828.  Lesson  ('Manuel  d'Orn./  II,  p.  394)  described  Puffinwrisi 
gamoti  from  birds  taken  on  the  coast  of  Peru.  In  the  same  year  M 
species  was  figured  ('Voy.  Coquille/  PI.  xlvi). 

After  1828,  as  Mathews  remarks,  the  various  names  were  confusedly 
used  for  many  years.  The  specific  term  urinairix  was  at  times  employed 
for  all  the  forms;  berard  was  appUed  to  breeding  birds  of  New  Zealand 
and  elsewhere;  even  Forster's  nomen  nuduniy  Procellaria  tridadyhy  was 
revived  for  the  New  Zealand  bird. 

1866.  CouES  (Proc.  Phil.  Acad.  Sci.,  pp.  188-190)  published  a 
thorough  structural  description  of  the  genus  and,  without  having  seen 
suflScient  material  to  be  fully  confident  of  his  own  judgment,  he  admitted 
three  species — garnoti,  of  the  west  coast  of  South  America,  urinairix,  of 
''Australian  Seas,"  and  herardi,  of  the  highly  indefinite  "Southern 
Oceans. '  ^  Coues  evidently  recognized  only  distinctions  in  size  among  the 
diving  petrels,  for  he  held  the  opinion  "that  the  colors  of  the  plumage  of 
all  three  are  identical." 

1896.  Salvin  ('Cat.  Birds  Brit.  Mus.,'  XXV,  pp.  437-439).  A 
reconsideration  of  the  material  and  literature  was  undertaken  by  Salvin 
in  his  monograph.  He  synonymized  P.  berard  with  P.  urinatrix,  giving 
the  range  of  the  species  as  "Australian  and  New  Zealand  Seas;  also 
those  of  Cape  Horn  and  the  Falkland  Islands.''  At  the  same  time  he 
proposed  a  new  species,  P.  exaul,  from  the  southern  Indian  Ocean,  a 
range  bounded  on  both  sides  by  that  of  his  revised  urinatrix. 

1906.  NicoLL  (Bull.  Brit.  Orn.  CI.,  XVI,  p.  103)  added  to  the  list 
of  described  species  Pelec^noides  dacunhx,  based  upon  examples  collected 
at  the  island  of  Tristan  da  Cunha,  in  the  South  Atlantic. 

1907.  Reichenow  ('  Deutsche  Siidp.  Exp.,'  IX,  Zool.,  pp.  493, 558^ 
united  exsul  with  unnalrix  on  the  ground  that  birds  answ-ering  Salrin's 
description  of  each  species  are  found  in  the  same  breeding  locaUties. 

1910.  Godman  ('  Monogr.  Petrels,'  pp.  299-306)  treated  the  taxono- 
mic  status  of  the  diving  petrels  in  an  exceedingly  casual  and  uncritical 
manner  and,  so  far  as  can  be  judged  from  his  textual  descriptions,  the 
titles  for  his  largely  conventional  colored  plates  of  P.  urinatrix  and  P. 
exsul  have  been  transposed!  Godman  was  unable  to  perceive  any  differ- 
ence between  New  Zealand  specimens  and  those  from  the  extreme  south 
of  South  America;    neither  could  he  distinguish  between  exsul  and 
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dacunhXy  which  he  accordingly  synonymized.  Finally,  he  questioned  the 
specific  distinctness  of  urinatrix  and  exsul  but  provisionally  recognized 
the  latter,  while  fully  accepting  urinatrix  and  garnoti., 

1912.  Mathews  ('Birds  of  Australia/  II,  pp.  232-239)  reviewed 
the  whole  subject,  as  far  as  the  Uterature  is  concerned,  and  recognized 
exsul,  dacunhx,  and  herard,  as  geographic  races  of  typical  Pelecanoides 
urinatrix  of  the  "  AustraUan  and  New  Zealand  seas."  He  gave,  however, 
no  tables  of  measurements  or  other  cogent  reasons  for  accepting  these 
subspecies,  merely  grouping  them  in  a  convenient  geographical  way  and 
saying  that  they  are  determinable. '^  In  the  same  place  he  created  a 
new  name,  P.  urinatrix  coppingeriy  for  a  diving  petrel  from  the  *' St  raits 
of  Magellan.'' 

Furthermore,  Mathews  revived  Lesson's  genus  Puffinuria  for  the 
large  diving  petrel  of  the  west  coast  of  South  America,  giving,  on  pages 
232  and  233  of  the  work  cited,  his  reasons  for  this  step.  In  this  genus  he 
placed  P.  gamoiii  garnotii,  Irom  Peru;  P,  garnotii  lessanijrom  Chile; 
and  P.  gamotii  magellani  from  the  Strait  of  Magellan ;  the  last  two  forms 
being  described  as  new. 

1912.  Mathews  (Austral  Avian  Rec,  p.  84)  separated  the 
AustraUan  diving  petrel  as  Pelecanoides  urinatrix  belcheri. 

1916.  Murphy  and  Harper  (Bull.  Amer.  Mus.  Nat.  Hist.,  XXXV, 
pp.  65-67)  described  a  new  subspecies,  P.  u.  chathamenns,  from  the 
Chatham  Islands,  and  a  new  species,  P.  georgica}  from  South  Georgia 
in  the  subant arctic  Atlantic. 

1918.  LooMis,  in  his  *  Review  of  the  Albatrosses,  Petrels,  and  Div- 
ing Petrels'  (Proc.  Calif.  Acad.  Sci.,  (4)  II,  part  2,  No.  12,  pp.  66,  67), 
recognized  but  two  species,  urinatrix  and  gamoti. 

CRITICAL  NOTES  OX  THE  GENUS  PELECASOfDES 
Salvin's  synopsis^of  the  family  Pelecanoidida?  Hoc.  cit.,  p.  342)  con- 
tains the  statement,  since  universally  accepted,  that   the  *^ second '* 
primary  is  slightly  the  longest.     According  to  the  modern  method  of 
quill  enumeration,  the  vestigial,  outermost  flight  feather  of  Tubinares 
is  reckoned  as  the  eleventh;  the  ** second ''  primar\'  of  Salvin's  system  is 
therefore  equivalent  to  the  ninth.    Examination  of  our  material,  how- 
ever, does  not  support  Salvin's  statement .    In  the  hundreds  of  specimens 
that  have  passed  through  our  hands,  the  tenth  (outermost  functional — 
"first")  primary  is  the  longest  whenever  the  quills  have  attained  full 


^Properly  otorgieut. 
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growth.  In  this  feature  the  di\'ing  petrels  therefore  agree  with  all  other 
members  of  the  order  except  the  Thalassidrominse  and  Oeeanitin«. 

Coues  {loc,  cit.j  p.  189)  apparently  based  his  succinct  structural 
description  of  the  groups  entirely  upon  specimens  of  Pelecanoides  garrwli, 
but  with  minor  exceptions  it  would  apply  to  the  genus  as  extended  in  the 
present  paper. 

Mathews  ('Birds  of  Australia/  II,  p.  232)  published  the  following 

as  justification  for  the  establishment  of  a  second  genus,  Puffinuriai. 

I  would  here  only  note  the  dilTerences  between  the  species  P.  urinatrix  and  P. 
garnotii  in  that  feature  [the  bill].  The  former  has  the  nostrils  elongate,  narrow  and 
parallel  the  distensible  sae  contained  by  the  rami  of  the  under-mandible  is  pronounced 
and  unfeathered  [sic].  The  latter  has  a  longer  bill  with  the  nostrils  less  elongate 
proportionately,  and  more  triangular  shaped,  with  a  noticeable  projection  from  the 
inner  edge;  this  can  also  be  seen  in  the  preceding  species,  but  it  is  very  minute. 
In  addition  the  rami  of  the  lower  mandible  do  not  enclose  a  wide  distensible  sac, 
which  is  also  partly  feathered.  .  .  I  consider  that  the  genus  Puffinuria  should  be 
recognized. 

The  formation  of  the  nostrils  in  the  two  proposed  genera  is  further 
illustrated  by  line  drawings. 

In  spite  of  the  obscure  wording,  Mathews  has  here  called  attention 
to  characters  of  taxonomic  significance.  As  a  critique  ot  his  remarb, 
however,  we  offer  the  following  observations:  (1)  specimens  before  us, 
representing  Pelecanoides  exsul  from  Kerguelen  Island  and  subspecies  of 
Pelecanoides  urinatrix  from  the  Chatham  Islands  and  the  Falklands, 
have  the  distensible  sac  between  the  rami  feathered  for  more  than  half 
its  length;  (2)  the  bill  of  the  newly-described  species,  Pelecanoides 
georgicus,  which  was  unknown  to  Mathews,  is  in  some  respects  structur- 
ally intermec^iate  between  those  of  urinatrix  and  garnoti,  the  nostrils 
being  shorter  and  less  closely  appressed  than  those  of  urinatrix,  but  not 
so  \videly  spread  posteriorly  as  in  garnoti.    In  its  inferior  aspect,  the  bill 


'Coues'  rhararterieation  in  as  follows: 

"  The  perfectly  vertical  nostrils  are  surrounded  by  an  elevated  wall,  whose  contour,  in  consequenc* 
of  a  slight  cmarfrination  posteriorly,  and  a  corresponding  protuberance  anteriorly,  on  the  median  liw. 
is  somewhat  cordiform.  The  wall  has  considerable  thickness  basally;  but  much  bevelling  superiorb' 
gives  it  an  extremely  thin  edge.  The  internasal  septum  is  moderately  thick;  and  from  either  side  a 
process  projcta  transversely  into  the  nasal  orifice.  In  shape  each  nostril  is  suboval;  being  somewhat 
elongated  anteriorly,  and  a  straightening  of  its  inner  border  being  produced  by  their  mutual  appoaition. 

"The  dertrum  or  unguis  is  long,  reaching  quite  to  the  nostrils;  and,  for  this  family,  is  onlv  mod- 
erately uucinated.  Except  at  its  extreme  bage  it  is  distinctly  carinated,  and  it«  sides  are  much  com- 
pressed. 

"The  myxa  is  unusually  small  and  narrow,  with  a  very  acute  tip,  and  extremely  concave gonvis 
The  sulci  separating  the  niyxotheca  from  the  rest  of  the  mandible,  and  the  lateral  one  on  the  gnathioi* 
are  strongly  marked. 

"The  unusual  amount  of  divarication  of  the  concavo-convex  gnathidia,  which  causes  so  wide  a 
submentum,  is,  in  the  upper  mandible,  accompanied  by  a  corresponding  dilation  of  the  lat«ral  elements; 
which  latter  are  also  turgid  and  inflated. 

"The  tarsus  is  ex-essively  compressed,  and  at  the  same  time  very  deep  ant-ero-poeteriorly ;  givin« 
to  its  transverbe  section  a  narrowly  elliptical  shape,  like  that  which  obtains  in  the  Colymbidr.  It  i* 
reticulate<i  as  in  the  Procellahidar,  and  also  the  majority  of  the  Alcidst,  though  Mergulu*  has  anteriorlv 
transverse  imbricated  scales.     The  proportions  of  the  anterior  toes  are  a«  in  the  other  ProrellAriidw.'' 
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of  georgicus  is  more  broadly  wedge-shaped  than  that  of  any  of  its  con- 
veners, though  it  is  built  on  the  fundamental  plan  of  the  garnoti  bill  witli 
diverging  instead  of  parallel  rami.  The  lateral  flanges  of  the  internasal 
septum  are  larger  in  georgicus  than  in  urinatrix,  and  they  extend  farther 
anteriorly,  i.e.,  to  the  axial  center  of  the  nostril  as  in  garnoti. 


Fig.  I.     Sagiiul  Bcnion  Ihrouch  the  left  narUI  jmniii.  ■ml 
Mplal  ptoeftK  <□>. 

These  narial  flanges,  which  are  referred  to  by  both  Coues  and 
Mathews,  are  apparently  peculiar  to  the  Pelecanoidids  among  Tubin- 
ares.  We  can  find  no  trace  of  them  in  Puffimtf,  Pterodroma,  or  a  dis- 
sected embryo  albatross  (Diomedea  exulang).  They  may  represent  an 
accessory  fold  of  the  anterior  concha  vestibuli;  they  differ,  of  course, 
from  the  folds  on  the  nasoturbinals  in  lacking  olfactorj-  epithelium,  being 
covered  quite  to  their  bases  with  the  black,  horny  integument  of  the 
aaricorn.  Probably  they  arc  neomorphs  in  the  Pelecanoididte,  and  it  may 
be  assumed  from  their  construction  that  they  function  in  breaking  up 
the  stream  of  water  which  must  tend  to  force  its  way  into  the  nostrils 
during  the  bird's  plunge  from  flight.  A  related  specialization  for  diving 
habits  is  obvious  in  the  upwardly  directed  nostrils,  and  it  is  significant 
that  the  species  with  the  largest  and  widest  nostrils  has  the  best  devcl- 
loped  flanges.  In  view  of  the  uncertain  homologies  ot  these  flanges,  they 
may  be  called  "paraseptal  processes."  Their  appearance  and  extent  are 
shown  in  the  accompanying  illustrations. 

The  development  and  powition  of  the  anterior  ends  of  t  he  paraseptal 
processes,  which  project  visibly  into  the  nostrils,  vary  markedly  in  the 
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several  representatives  of  the  family.  The  condition  in  several  spedee 
and  subspecies  is  portrayed,  along  with  other  morphological  detAileof  the 
bill,  in  figiire  3. 

SYNOPSIS  OF  THE  SUBGENERA  OF  PELBCANOJDES 
The  structural  intergradations  mentioned  above  are,  in  our  opinioD, 
sufficient  to  bridge  any  supposed  generic  demarcation  between  P(i^ 


Pfiluodyptfia  {_PeUcana\ 


d 

bills  uf  lour  eub«<Denl  of  Pglcmnoididr.  dn«  w 
arnuti);  h.  Parthmarnu  (P<I«a>WKitt  wwiUaiiil:  '■ 
•idea  (PctxanoiiUt  Tarinatrii  brranlt.   Bet  kIk  FUt 


Pelaiodyf 
XXn.fiB. 

canoides  and  " Puffinuris,"  the  species  of  which  are  so  essentially  alike 
in  the  sum  of  their  characters.  Nevertheless,  since  certain  combinations 
of  characters,  including  particularly  the  architecture  of  the  bill,  and  to  a 
lesser  extent,  the  proportions  ot  wing,  tail,  metatarsus,  and  toes,  appear 
to  represent  more  than  specific  distinctions  among  the  di\'ing  petrels, 
the  names  Pehcanoidex  and  Puffinuria,  together  with  two  additioml 
names  here  propoae<i  for  the  first  time,  may  be  apphed  subgenerically. 
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1. — Bill  relatively  slender  in  proportion  to  length  (exposed  culmen  exceeding 
twice  the  width  of  bill  at  base),  the  sides  tapering  gradually  from  base  to  tip.  Mandibu- 
lar rami  diverging  from  the  gonys  at  a  ver>'  acute  angle,  enclosing  a  narrow,  sharply 
pointed  interramal  space.  Outline  of  combined  nasal  orifices  broad  and  cordate,  the 
walls  of  the  tubes  horny  and  firm,  the  nostrils  appressed.  Anterior  end  of  paraseptal 
process  strongly  developed  and  projecting  prominently  into  middle  of  nostril.  Claws 
relatively  blunt  and  stout;  claw  of  middle  toe  shorter  than  third  phalanx;  claw 
on  inner  toe  not  extending  beyond  base  of  claw  on  middle  toe.  Tail  less  than  twice 
the  length  of  exposecl  culmen,  and  but  slightly  longer  than  tarsus.  Wing  more  than 
three  and  one-half  times  as  long  as  tail Puffinuria. 

2. — Bill  relatively  slender  in  proportion  to  length  (exposed  culmen  about  equal 
to  twice  the  width  of  bill  at  base),  the  sides  tapering  gradually  from  base  to  tip. 
Mandibular  rami  diverging  at  a  very  acute  angle,  as  in  subgenus  Puffinuria.  Outline 
of. combined  nasal  orifices  broad  and  cordate,  l)ut  the  walls  of  the  tul)es  moderatelv 
thin  and  often  warped  somewhat  in  dried  skins;  nostrils  widely  divergent  posteriorly. 
Anterior  end  of  paraseptal  process  weakly  developed,  inconsi)icuous,  and  projecting 
only  into  posterior  part  of  nostril .  Claws  relatively  sharp  and  slender ;  claw  of  middle 
toe  shorter  than  third  phalanx;  claw  on  inner  toe  not  extending  beyond  base  of 
claw  on  middle  toe.  Tail  more  than  twice  the  length  of  exjmsed  culmen,  and  one- 
third  longer  than  tarsus.  Wing  less  than  three  and  one-half  but  more  than  three 
times  as  long  as  tail Porthmornis,^  new   subgenus. 

3. — Bill  relatively'  broad  in  proj)ortion  to  length  (.width  at  base  equal  to  three- 
fifths  of  exposed  culmen),  the  sides  tapering  sharply  from  base  to  tip.  Mandibular 
rami  diverging  at  a  relatively  wide  angle,  enclosing  a  short,  broad  interramal  space. 
Nasal  eminence  thin-walled,  the  shape  of  the  oval,  closely  appressed  nostrils  in  dried 
skins  always  more  or  less  altered  by  shrinking  Anterior  end  of  paraseptal  process 
strongly  developed,  and  projecting  almost  as  prominently  into  middle  of  nostril  as  in 
subgenus  Puffinuria.  Claws  relatively  sharp  and  slender;  claw  of  middle  toe  longer 
than  third  phalanx;  claw  on  inner  toe  extending  beyond  base  of  claw  on  middle 
toe.  Tail  more  than  twice  the  length  of  ex|>osed  culmen,  and  one-third  longer  than 
tarsus.    Wing  not  more  than  three  times  as  long  as  tail   .  Pehgodyptdi,^  new  subgenus. 

4. — Bill  relatively  stout  and  blunt,  tapering  abruptly  near  the  tip,  but  almost  as 
wide  in  the  middle  as  at  the  base  owing  to  the  expansion  of  the  lateral  elements  of 
the  maxilla  and  the  bowing  of  the  mandibular  rami  (expased  culmen  al)out  eqxml 
to  twice  the  width  of  bill  at  base).  Rami  nearly  parallel  for  the  greater  part  of  their 
length,  but  converging  abruptly  toward  the  tip,  enclosing  an  obtusely  jwinted  inter- 
ramal space.  Myxa  proportionately  shorter  and  smaller  than  in  any  of  the  other 
subgenera.  Nasal  eminence  thin-walled,  the  shajK'  of  the  elongate,  reniform,  closely 
appressed  nostrils  in  dried  skins  always  more  or  less  altercKl  by  shrinking.  Anterior 
end  of  paraseptal  process  weakly  develo|x»d,  inconspicuous,  and  projecting  only  into 
posterior  part  of  nostril.  (>laws  relatively  sharp  and  slender*  claw  of  middle  toe 
shorter  than  third  phalanx;  claw  on  inner  toe  not  extending  l)eyond  base  of  claw  on 
middle  toe.  Tail  more  than  twice  the  length  of  exiK)stHl  culmen,  and  at  least  one- 
fourth  longer  than  tarsus.  Wing  more  than  three  but  less  than  three  and  one-half 
times  as  long  as  tail Pelecanoiden. 

*v9^iiit,  a  Btrmit   +  &P>^t,  bird. 
*wfi^my9t,  the  open  eea  +  iOwryit,  a  diver. 
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SYSTEMATIC  ACCOUNT  OF  THE  SPECIES  AND  SUBSPECIES 

In  the  pages  that  follow,  the  writers  aim  to  establish  the  taxonomic 
status  and  the  approximate  geographic  ranges  of  five  species  of  diving 
petrels,  namdy  Pelecanoides  garnotiy  magellani,  georgicuSy  exsul,  and 
urinatriXy  representing  four  dififerent  subgeneia.  .At  the  saire  time,  we 
are  aware  that  a  great  amount  of  work  remains  to  be  done  in  the  way  of 
studies  of  the  life  histories  of  the  PelecanoididsB,  researches  into  genetic 
relationships,  revisions  of  certain  forms  at  present  weakly  represented  in 
American  collections,  and  [)erhaps  the  discovery  of  undescribed  races  at 
imperfectly  explored,  subantarctic  islands.  The  various  subspecies  will 
be  treated  as  critically  as  the  material  at  our  disposal  permits,  but  a  final 
revision  of  the  races  of  urinatrix  is  a  task  that  must  await  an  ornithologist 
who  enjoys  the  opportunity  to  study  larger  series  of  skins  from  the  New 
Zealand  region,  the  South  Atlantic,  and  both  coasts  of  temperate  South 
America. 

Names  of  colors,  where  used  originally,  are  chiefly  those  of  Ridg- 
way's  'Color  Standards  and  Nomenclature'  (1912).  All  measurements 
are  in  millimeters.  In  addition  to  the  minimum  and  maximum ,  the  average 
of  each  series  of  measurements  is  given  in  parentheses.  Our  measure- 
ment of  depth  of  bill  is  taken  just  in  front  of  the  nasal  eminences. 

References  under  each  species  are  chiefly  to  works  quoted  or  cited 
in  our  text.  For  a  complete  bibliography,  the  monographs  of  Salvin 
(1896),  Godman  (1910),  and  Mathews  (1912,  ^ Birds  of  Australia,'  II) 
should  be  consulted. 

PsLiCANOiois  Lac^pdde 

Subgenus  PuFrmintiA  Lesson 

Pelecanoides  gamoti  (Lesson) 

Plat««  XXI,  Figure  1,  XXII,  Figure  1,  XXIV,  Figure  1 

Pii#niina yamo/nLE880N,  1828, 'Manuel  d'Om.,' II,  p.  394;  1828,  'Voy.  Coqu  ille,' 

Atlas,  PI.  XLVi. 
Pelecanoides  garnoti  Covm,  1866,  Proc.  Arad.  Nat.  Sci.  Philadelphia,  XVIII,  p.  190. 

Salvin,  1896,  'Cat.  Birds  Brit.  Mus.,'  XXV,  p.  439.    Godman,  1910,  'Monogr. 

Petrek*  p.  307.    Loomis,  191S,  Pi-o?.  Cilif.  A?ad.  S±,  (4)  II,  No.  12.  p.  67. 
P  [uffinuria]  garnotii  gamotii  Mathews,  1912,  *  Birds  Australia,'  II,  p.  239. 
P  luffinuria]  garnoHi  let^oni  Maihbws,  1912,  'Bird^  Australia,'  II,  p.  239. 
Halodroma  garnoti  Coker,  1908,  Bull.  U.  S.  Bur.  Fisheries,  XXVIII,  pp.  361,  362. 

Type  Specimen. — Not  known,  but  well  figured  in  'Voy.  C'oquille,'  Atlas,  PI.  xlvi. 

Type  IjOcauty. — Coast  of  Peru,  lx»tween  San  (lallan  Island  and  Lima.' 


•No  definite  locality  is  jtivon  in  the  d«*oription  of  the  sporicH  by  I^omon,  whonavH.  "  Le  pujfinure 
d*  Oamot  habite  par  grandes  troiipon  le  lonR  den  rotra  du  Perou."  Him  rolleasue  (ianiot,  however,  in 
tb«  course  of  his  remarks  on  the  anatomy  of  the  species,  states:  "  Cet  oiseau  nabite  len  parafcm  entre 
San-ltallaot  et  Lima"  ('Voy.  Coquille.'  I.  part  2.  p.  611). 
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Geographic  Range. — Western  coast  of  South  America,  from  Loboe  de  Tierra 
Island,  Peru  (lat.  6**  27'  45"  S.),  at  least  to  Valparaiso,  Chile. 

General  Characters. — Largest  of  the  Pelecanoididae;  nearest  to  P.  magdUni, 
but  much  larger,  especially  in  length  of  bill,  wing,  and  tarsus.  Gonys  more  concave 
than  in  any  other  species.    Natal  down  whitish. 

Adults  (sexes  alike). — Upper  surface  black,  each  feather  with  a  terminal  band 
of  glossy  black,  preceded  by  a  grayish  black  area,  which  shades  into  the  grayish 
white  basal  portion;  the  shafts  mostly  dark;  scapulars  mostly  dusky  neutral  gray  oo 
outer  web,  grayish  white  on  inner  web,  more  or  less  concealed  by  the  plumage  of  the 
int'Crscapulum,  but  forming  in  many  specimens  an  irregular,  blotchy  diagonal  stripe; 
wings  glossy  black,  more  or  less  tinged  with  broiMiish,  especially  on  primaries;  secon- 
daries narrowly  tipped  with  whitish;  inner  webs  of  primaries  clove-brown;  under 
wing-coverts  whitish,  more  or  less  washed  with  light  mouse-gray,  the  shafts  mostly 
dark;  rectrices  glossy  black,  fading  to  glossy  brownish  black,  paler  on  the  under 
surface;  anterior  part  of  forehead  and  lores  suffused  with  clove-brown;  under 
surface  white;  auriculars  and  malar  region  chaetura  black;  a  fuscous  area  extending 
from  the  sides  nearly  to  the  middle  of  the  breast,  and  sometimes  extending  entirely 
across  as  a  faint  mottling;  axillaries  dark  mouse-gray  to  black;  sides  and  flanks 
strongly  washed  with  deep  mouse-gray,  the  feathers  sometimes  narrowly  tipi)cd  with 
whitish ;  feathers  of  tibia  mouse-gray ;  down  plumules  and  after-shafts  over  entire 
body  deep  mouse-gray.  Paraseptal  processes  situated  at  the  longitudinal  center  of 
the  septum.    Bill  black;  iris  brown;  tarsus  and  toes  bluish ;  webs  black.* 

Adult  Male.— Length  (skins),  217-238  (228.7);  wing,  130-141  (136);  tail,  33^3 
(36.7);  exposed  culmen,  19-22  (20.4);  width  of  bill,  8.5-10.5  (9.6);  depth  of  bOl. 
7-9  (8.3) ;  tarsus,  30-34  (32.9) ;  middle  toe  and  claw,  34-39  (36.9) .« 

Adult  Female.— Length  (skins),  209-239  (221.9);  wing,  130.5-144  (136.6);  tail, 
33.5-41  (36.5);  exposed  culmen,  19-21  (19.7);  width  of  bill,  8.5-10  (9.2);  depth  of 
bill,  7-8  (7.6);  tarsus,  32-34  (32.5);  middle  toe  and  claw,  34.5-40  (36.3).' 

Nestling. — Natal  down  (protoptylc)  between  pale  gull-gray  and  white,  at- 
tached to  the  tips  of  the  mesoptyle  down,  which  is  mouse-gray  in  color  but  whifh 
fades  appreciably  before  it  is  finally  molted. 

Specimens  Examined.^ — Total  number,  127,  as  follows: 

Peni:  Ix)bos  de  Tierra,  1*;  Macabi  Island,  1^  Ancon,  50*'  *;  Callao  Bay, 
54.6.7.8.  chilca,  1^  Ballestas,  North  Island,  1«;  San  Gallan  Island,  8*'  *;  Indepen- 
dence Bay,  1  ^  • 

Chile:  Coquimbo  Bay,  2*;  Valparaiso,  52  *'  *'  ^;  no  specific  locality,  1.* 

Ijocalitv  unknown:  4.*'  •'  ^° 


'Colors  of  soft  parts  as  stated  on  Beck's  labels.    In  many  cases,  however,  he  gives  the  color  of  the 
iris  as  black  or  blarkish. 

'Twenty  specimens. 

'Twenty  sper^imens. 

^Collection  Brit.  Mus. 

^Collection  Mich.  Univ.  Mus. 

•Brcwater-Sanford  Collection. 

^Collection  Acad.  Nat.  Sci.  Phila. 

"Collection  U.  S.  Nat.  Mus. 

•Collection  Boston  Soc.  Nat.  Hist. 

•"Collection  Zool.  .Mus..  Tring. 
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Nesting  Season. — Apparently  throughout  the  year. 

Egg.* — Six  collected  at  San  Gallan  Island,  Peru,  on  July  4,  1913,  range  in  form 
from  short  ovate  to  elongate  ovate,  one  being  extremely  pointed  at  the  smaller  end; 
white,  lusterless;  measurements,*  48.5X33.6,  46X34.5,  46.7X34.2,  48X37,  47X34, 
45X  33  (average,  46.8X34.4).    Average  volume  of  the  six,  24  cubic  centimeters. 

MaXhews  (loc.cit.,  pp.  232,  233)  has  proposed  to  separate  this  form 
from  the  other  species  of  Pelecanoides  under  the  generic  name  Puffinuria. 
Out  grounds  for  not  according  it  this  rank  are  given  on  pages  500-502. 

Mathews  (toe.  ciL,  p.  239)  has  also  separated  the  bird  of  the  coast  oi 

Chile  from  that  of  the  coast  of  Peru,  in  the  following  words: 

P  [uffinuria]  garnotii  lessoniy  subsp.  n. ;  coast  of  Chili. 

This  form  is  much  larger  than  the  Peruvian  bird,  and  has  a  noticeably  heavier 
bill,  with  the  inner  wing-coverts  gray  and  white-mottled. 

Our  examination  of  a  very  much  larger  series  of  specimens  than 
was  at  Mathews'  disposal  has  convinced  us  that  the  Chilean  birds — from 
as  far  south,  at  least,  as  Valparaiso — are  not  entitled  to  subspecific 
recognition.  The  average  measurements  of  Peruvian  and  Chilean  speci- 
mens are  presented  in  the  following  table: 

Table  I 


Wing 

Tail 

Exposed 

CULMBN 

Width 
or  BiLi< 

Depth 
OF  Bill 

Tarsus 

Middle 
Toe  AND 
Claw 

Ten  Males  from  Peru* 

135.0 

37.5 

20.5 

9.5 

8.6 

32.8 

36.7 

Ten  Males  from  Chile^ 

137.1 

37.9 

20.4 

9.8 

8.0 

33.1 

37.2 

Ten  Females  from  Peru* 

136.0 

35.9 

19.7 

9.3 

7.7 

32.6 

36.0 

Ten  Females  from  Chile* 

137.2 

37.1 

19.8 

9.2 

7.5 

32.5 

36.7 

These  differences  in  measiu-ements  are  clearly  too  slight  to  warrant 
the  separation  of  the  Chilean  birds  as  a  distinct  form.  Furthermore,  the 
coloration  of  the  under  wing-coverts  seems  too  variable  a  character  in 
the  PelecanoididsB  to  be  of  appreciable  value  in  separating  subspecies. 

Still  another  subspecies  proposed  by  Mathews  (P.  g.  magellani) 
will  be  discussed  under  Pelecanoides  magellani. 

From  Mr.  Beck's  notes  on  the  labels  of  the  Brewster-Sanford  speci- 
mens, it  appears  that  the  species  begins  breeding  on  the  coast  of  Peru 
in  April.'  On  May  8,  1913,  he  landed  from  a  rowboat  on  one  of  the 
Pescadores  Islets,  eight  miles  off  Ancon  (thirty  miles  northwest  of  Lima) 


*The  eggs  described  by  Oatcs  (1901,  Cat.  Birds'  Eggs  Brit.  Mus.,  I.  p.  161),  under  P.  ^arnott, 
clesrly  do  not  belong  to  this  species. 

*Cf.  also  Dr.  Coker's  measurements,  p.  513. 

*Anoon«  7;  San  Oallan  Island,  2;  CsJlao  Bay,  1 

^Valparaiso. 

^Ancon,  8;  San  Gallan  Island,  1;  Chilca.  1. 

*I>r.  Coker's  account  (of.  pp.  511-513)  makes  it  clear  that  the  breeding  season  is  prolonged 
throughout  the  year. 
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and  found  a  single  diving  petrel  nest,. the  chamber  of  which  lay  under  a 
rock  at  the  end  of  a  tunnel  through  the  soft  but  stony  soil;  it  was  lined 
with  a  number  of  cormorant  feathers.    On  July  3,  1913,  at  San  Gallan 
Island,  off  Pisco,  he  took  three  adults  (two  males  and  one  female)  on 
their  nests  and  three  nestlings  varying  in  age  from  a  few  days  to  a 
number  of  weeks,  the  oldest  of  them  having  molted  nearly  all  its  meso- 
ptyle  down  (PL  XXI).  On  the  following  day,  July  4,  he  coUeeted  six  eggs, 
two  of  which  were  fresh-laid.    In  five  out  of  the  six  instances  a  parent 
bird  (PI.  XXIV)  was  incubating.    The  nest  cavities,  some  of  which 
were  Uned  with  a  few  diving  petrel  feathers,  were  either  shallow  hollows 
scratched  out  under  rocks,  or  tunnels  excavated  to  a  depth  of  three  or 
more  feet.   Some  of  them  were  dug  into  sandy  flats,  and  some  in  the  talus 
of  hillsides.    Beck  Ukened  the  burrows  to  those  of  Cassin's  auklets  (Pty- 
choramphus  aleuiicus)  of  the  Lower  California  islands.    The  princpal 
colony  of  diving  petrels,  where  the  nests  were  very  thickly  distributed, 
was  in  a  canyon  about  a  mile  from  the  water.    Similar  burrows  were 
occupied  by  breeding  Inca  terns  (Larosterna  inca),  and  in  a  few  cases  the 
terns  and  diving  petrels  used  a  common  entrance  leading  to  their 
respective  nest  chambers. 

The  six  eggs  collected  at  Saji  Gallan  Island  share  with  the  eggs  of 
almost  all  species  of  Tubinares  a  remarkable  variation  in  shape.  In 
volume,  however,  they  are  relatively  uniform,  ranging  between  23  and 
25.2  cubic  centimeters,  the  average  cubic  contents  of  the  six  being  24  cc. 
They  are  therefore  strikingly  larger  than  eggs  of  Pelecanoides  georgim 
or  Pelecanoides  urinatrix.  The  average  volume  of  two  eggs  of  Pek- 
canoides  urinatrix  berard,  for  instance,  is  but  16.7  cc;  that  of  four  eggs 
of  Pelecanoides  georgicuSy  16.2  cc. 

The  following  record  is  from  Mr.  Beckys  field  note-book. 

Forty  miles  south  of  Salavem',  Peru,  Jan.  5,  1913.  Single  diving  petrels,  and 
groups  of  as  many  as  seven,  seen  from  the  steamer,  ten  or  fifteen  miles  offshore. 
Their  flight,  when  rising  from  the  water,  was  similar  to  that  of  auklet-s.  iSome  of  the 
birds  dived  instead  of  rising. 

Ten  miles  north  of  Callao,  January  G.  Numbers  of  divers  seen,  sometimes 
singly,  never  more  than  seven  or  eight  together.  In  avoiding  the  st-eamer,  they 
would  sometimes  dive  and  sometimes  flv. 

Off  Ancon,  Peru,  April  24,  1913.  Outside  the  islets,  eight  miles  offshore,  diving 
petrels  were  not  uncommon.  All  were  working  southward,  while  under  observa- 
tion, from  12  o'clock  noon  until  3  p.  m. 

April  28.  Only  a  half  dozen  diving  ix?trel8  seen  during  a  trip  eight  miles  offshore 
and  back  again.  One  of  the  birds  shot  had  molted  its  ^nng  quills.  It  swam  along 
under  water  a  short  distance  with  its  wings  spread.  At  first  I  thought  it  was  a 
wounded  l)ird. 
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May  1.  Three  or  four  diving  petrels  seen  flying  north.  They  passed  my  bait 
without  paying  any  heed  to  it,  although  other  petrels,  such  as  Thalassidroma  iethys 
and  OceaniUs  gracilis,  came  to  the  bait  freely. 

May  5.  Numbers  of  diving  petrels  seen,  mostly  flying  southward.  Four  or 
five  were  shot  on  the  water  and  one  of  the  wounded  birds  opened  its  wings  and  swam 
as  murrelets  do  beneath  the  surface.  Small  sardine-like  fish  were  abundant,  and  the 
stomachs  of  some  of  the  divers  were  filled  with  them. 

May  15.  Twenty-nine  divtng  petrels,  mostly  flying  toward  the  south,  were 
collected  along  with  forty  specimens  of  other  petrels.  The  ocean  was  discolored  with 
minute  feed.  Some  of  the  divers  were  in  the  water,  and  now  and  then  a  number  of 
them  would  burst  out  within  a  radius  of  a  hundred  yards.  One  of  the  specimens  had 
lost  all  its  flight  feathers,  the  molt,  therefore,  being  like  that  of  an  auklet  or  miure 
instead  of  in  the  usual  petrel  style  in  which  the  quills  molt  one  or  two  at  a  time. 

May  19.    A  half  dozen  diving  petrels  seen  flying  northward  out  of  Callao  Bay. 

Six  miles  northwest  of  San  Lorenzo  Island,  June  21.  Many  diving  petrels  on 
the  water,  singly,  or  in  scattered  groups  of  five  or  six. 

Off  Chilca,  June  24.    A  single  diver  shot  when  it  alighted  near  my  bait. 

June  28.  A  number  of  diving  petrels  seen  sitting  on  the  water  just  north  of  the 
Chincha  Islands. 

Arica,  Chile,  Aug.  25.    Several  diving  petrels  seen  while  we  lay  at  anchor. 

Iquique,  Aug.  26.    Diving  petrels  common  just  to  the  northward  of  the  town. 

Taltal  flat.  25**  30'  S.],  Aug.  28.    Four  or  five  seen  flying  near  the  steamer. 

Valparaiso,  Nov.  8.  Scattering  examples  of  diving  petrels  flying  southward  ont 
to  three  miles  offshore. 

Nov.  11.  A  few  divers;  one  shot.  All  the  sea-birds  are  flying  south  at  this 
season. 

Nov.  19.    Many  divers  working  southward.    They  gave  the  boat  a  wide  berth. 

Nov.  24.    Three  or  four  seen. 

Nov.  28.    The  last  of  the  divers  seen,  still  going  south. 

On  October  22,  1913,  Mr.  Beck  ran  forty  miles  out  to  sea  in  a 
motor  boat  from  Corral,  the  port  of  Valdivia,  Chile  (lat.  40°  S.),  but 
did  not  see  a  single  diving  petrel.  Neither  did  he  observe  any  on  sub- 
sequent southward  trips,  so  that  the  vicinity  of  Valparaiso  is  the  south- 
ernmost point  from  which  we  have  actual  records  of  Pelecanoides  gamoti. 
He  saw  none  of  these  birds  during  his  sojourn  at  the  islands  of  the  Juan 
Fernandez  group,  which  lie  about  450  miles  off  Valparaiso.  In  short,  the 
geographical  distribution  and  the  breeding  range  appear  to  have  the 
same  limits,  both  being  confined  within  the  field  of  the  cold  Humboldt 
Current. 

Mr.  Beck's  splendid  series  of  104  specimens,  taken  during  the 
months  of  February  to  July  and  also  in  November,  reveal  many  particu- 
lars of  the  life  history. 

This  species,  in  common  with  numerous  other  tropical  sea-birds, 
has  a  very  protracted  breeding  season,  or,  rather,  the  date  of  deposition 
of  the  egg  varies  widely.    Early  in  May,  for  instance,  Mr.  Beck  dis- 
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covered  nests,  as  recorded  above;  on  July  3  he  took  several  young  birds, 
one  of  which  was  almost  fully  fledged,  yet  a  day  later  he  found  fresh 
eggs.  The  subantarctic  representatives  of  PelecanoideSf  such  as  mageUani 
and  georgicuSy  have  an  apparently  much  more  definite  and  limited  season 
of  egg-laying. 

Certain  seemingly  vagarious  features  of  the  molt  in  Pelecanoides 
garnoti  are  doubtless  also  to  be  correlated  with  the  life  conditions  of  the 
tropical  environment.     A  study  of  the  majority  of  the  skins  in  the 
Brewster-Sanford  series  indicates  that  normally  a  complete  molt  occurs 
between  August  and  October,  for  most  of  the  November  specimens  are  io 
new  plumage,  while  from  this  month  forward  the  series  as  a  whole  shows 
progressive  wear  of  the  feathers  up  to  and  including  the  foDowing  winter 
season  (July).    Two  specimens,  referred  to  in  Beck's  notes  of  April  28 
and  May  15,  were,  however,  molting  at  that  time,  and  had  lost  at  once 
most  of  the  tail  quills  and  all  the  remiges,  both  primary  and  secondary. 
Their  condition  is  extraordinary  for  tubinarine  birds,  among  which  no 
doubt  the  phenomenon  would  be  practicable  only  in  this  specialized, 
diving  family  to  which  the  power  of  flight  is  not  wholly  essential.    The 
ritate  of  the  plumage  in  these  two  skins  appears,  moreover,  to  be  out  of 
harmony  with  conditions  among  nearly  all  of  the  other  hundred  speci- 
mens. 

A  few  skins  of  non-breeding  birds  taken  in  July  (the  physiological 
status  being  indicated  by  Mr.  Beck\s  careful  notations  regarding  the 
sex  organs)  we  believe  to  be  yearUngs  that  have  not  yet  undergone  the 
first  molt  of  their  teleoptyles.^    The  same  condition  is  know^n  to  obtain 
in  the  genus  Oceamtea.     Immature  examples  of  Pelecanoides  gam<rii  are 
apparently  dctenninable  even  when  they  are  more  than  a  year  old,  for, 
while  they  have  at  this  age  acquired  new  wing  quills,  the  rectricial  molt 
is  oft<in  found  to  have  been  incomplete,  and  one  or  more  of  the  bleached, 
Juvenal  tail  feathers,  abraded  as  the  plumes  of  only  young  petrels  are 
wont  to  be,  contrast  strongly  with  their  heavily  pigmented  successors. 
Such  old  rect rices  are  unquestionably  more  weathered  and  frayed  than 
the  corresponding  year-old  feathers  of  adult  birds. 

It  is  interesting  to  note  that  the  first  of  the  two  neossoptyle  plumages 
of  Pelecanaides  garnoti  is  whitish,  whereas  that  of  P.  georgicus  and  P. 
urinatrix  is  dark  gray.  An  analogy  is  to  be  found  in  the  natal  downs  of 
two  closely  related  pengTiins  that  have  rather  similar  adult  plumages, 
the  chick  of  Apienodytes  forsteri  being  white,  that  of  A.  paiachonic^ 

>The  terms  used  in  this  paper  for  the  plumage  generations  are  thoee  of  Pycraft  in  Godman'i 
■  Monograph  of  the  Petrels.' 
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brown.  The  color  of  the  neossoptyles  in  Pelecanoidea  magelUni  is  un- 
fortunately not  known.  The  juvenal  plumage  of  Pelecanoides  gamotiy  as 
shown  by  a  fledgling  taken  from  the  nest,  is  indistinguishable  from  that 
of  the  adult.  Even  the  complete,  though  faint,  collar  is  visible  on  the 
jugulum  of  the  young  bird. 

The  following  zoological  and  economic  notes  on  this  species  were 
courteously  placed  at  our  disposal,  after  the  remainder  of  our  paper 
had  gone  to  the  editor,  by  Dr.  R.  E.  Coker,  of  the  United  States  Bureau 
of  Fisheries.  Dr.  Coker  has  had  long  experience  in  the  habitat  of 
Gamot's  diving  petrel,  and  the  account  below  is  extracted  from  his 
manuscript  on  the  habits  and  economic  relations  of  the  guano  birds  of 
Peru.  These  notes,  with  slight  verbal  alterations,  have  since  been 
published.* 

Among  the  petrels,  one  is  of  particular  interest  and  im{)ortance — the  ^^polo- 
yunco*'  (Pelecanoides  gamoti) — a  diving  petrel,  an  abundant  bird  and  a  significant 
guano-producer.  These  petrels  nest  in  considerable  numbers  in  favored  locations  on 
the  islands,  and  the  guano  formed  in  their  subterranean  chaml)ers  is  considered 
particularly  rich  in  nitrogenous  matter.  Only  one  egg  is  laid  at  a  time,  but  the  laying 
season  extends  throughout  the  year. 

My  first  acquaintance  with  these  birds  was  when  at  night  in  a  small  boat  we 
often  sailed  close  by  them  floating  on  the  surface  of  the  water  and  apparently  quite 
unobservant  of  the  boat.  Not  more  than  once  have  I  seen  them  on  the  water  bv 
day — though  the  fishermen  say  that  but  one  bird  of  the  pair  is  at  the  nest  during  the 
day,  the  other  remaining  out  on  the  ocean.  On  the  Islands,  as  far  as  my  observations 
go,  they  are  strictly  nocturnal,  coming  and  going  only  after  dark  and  l)efore  the  light 
of  morning.  They  arc  more  readily  recognizable  by  sound  than  sight,  and,  as  they 
fly  obscurely  about  over  the  island,  uttering  their  little  croaks,  they  are  very  suggestive 
of  bate. 

The  nests  are  made  in  the  side  of  the  hill,  often  just  beneath  a  large  rock  or 
sheltered  under  the  hard  salty  cnist.  It  is  an  odd  experience  to  sit  at  such  a  place  and 
hear  the  mysterious  sounds  from  subterranean  homes.  Over  and  over  again,  with  the 
voice  of  a  frog  unvaried  in  pitch  or  rhythm,  they  repeat  the  sequence  of  notes — 
two  longs,  a  short  and  a  long,  the  last  note  slightly  longer  than  the  first  two.  Another 
more  complicated  sound  is  made  by  some,  and  it  is  j)o.ssible  that  the  calls  are  distinc- 
tive of  the  sexes. 

The  potoyunco  is  a  comparatively  small  bird,  measuring  about  ten  inches  in  full 
length,  from  end  of  bill  to  ti))  of  tail,  and  weighing  half  a  (Knind.  The  general  color 
is  black  alwve  and  white  Ih»Iow.  The  l)ody  is  thickly  covered  with  feathers,  Iwneath 
which  is  a  thick  gray  down,  the  dens(»  coat  making  the  bird  api)ejir  to  i)ossess  a  ver\' 
large  Iwxly.  Viewed  from  below,  the  body  is  oval  in  form — like  a  hirge  white  egg — 
the  wings  and  the  short  stout  neck  seeming  disproiwrtionately  small  appendages. 

A  number  of  the  nests  were  observed  at  the  Ballestas  north  island,  and  the  birds 
were  heard  on  the  Chinchas;  but  the  lofty  San  Gallan  was  the  island  par  excellence 
for  potoyunoos,  as  the  potoyuncos  were  easily  the  principal  bird  of  this  large  island. 


>1010.  Proc.  U.  8.  Nat.  Mub..  LVI,  pp.  402-465. 
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San  Gallan,  2.3  by  1.5  miles,  is  mostly  dry,  barren  and  dusty,  but  with  high  hills 
reaching  well  into  the  clouds,  and,  only  there,  in  the  moist  altitudes,  teeming  with 
plant  life.  Everywhere  over  the  island  are  large  spots  perforated  by  the  holes  of  the 
I)otoyuncos  as  they  undermine  the  hard  dry  crust  of  the  lower  hillsides,  or  burrow 
back  underneath  the  vegetation  of  the  cloud-wrapped  peaks  more  than  a  thousand 
feet  above  sea-level. 

Searching  for  these  birds  in  the  daytime  one  is  guided  only  by  the  openings  of 
the  burrows,  as  their  voice  is  rarely  heard  during  the  day.  One  may  try  quite  a 
number  of  nests  without  result,  as  the  burrow  may  either  be  unoccupied  or,  more 
often,  too  deep  for  the  arm  to  reach  to  the  nest.  Still,  so  abimdant  are  the  nests  on 
San  Gallan,^  that  a  considerable  number  of  birds  or  eggs  may  be  captured  in  an  hour 
or  two.  Once  reached,  the  birds  are  easily  taken,  as  they  make  almost  no  effort  at 
resistance.  Sometimes  after  they  are  out,  they  try  to  bite,  but  without  inflicting 
injury.  Occasionally  they  will  rush  out  into  the  hands  held  at  the  mouth  of  the 
gully. 

At  night,  when  one  may  be  guided  by  the  voices  of  the  birds  and  avoid  exploring 
the  unoccupied  homes,  it  is  much  easier  to  take  them.  It  is  thus  that  the  laborers  and 
fishermen  catch  them  abundantly;  for  the  potoyunco  is  valued  for  food  in  fresh  or 
salted  condition. 

If  liberated,  they  run  rapidly  over  the  ground,  flapping  the  wings  but  imable  to 
rise  except  after  a  run  of  ten  or  twenty  feet.  Then,  with  exceedingly  rapid  moyemeat 
of  their  short  wings,  they  make  for  the  ocean  with  a  queer  zigzag  flight.  Reaching 
the  ocean  they  fly  low  over  the  water  a  little  distance,  settle  upon  the  surface,  and 
then  swim  away,  making  short  shallow  dives. 

When  placed  on  the  groimd  in  my  tent,  the  diving  petrels  displayed  pecuhar 
movements.  The  body  is  covered  with  a  very  thick  coat  of  feathers  so  that,  lying 
on  the  ground,  the  body  seems  to  flatten  out  remarkably,  while  the  wings,  pushed  a 
little  out  on  the  sides,  increase  the  apparent  width  until  the  body  has  quite  a  turtle- 
like form.  As  they  crawl  rapidly  along,  the  legs  are  spread  well  out  to  the  sides  and 
the  body  is  barely  if  at  all  lifted  from  the  ground.  I  noticed  that  with  some  the  body 
was  slightly  raised,  with  others  not  at  all.  In  any  case  the  movement  is  a  reptilian 
creep  rather  than  a  walk.  When  I  started  one  under  my  sleeping  bag  it  began  to 
burrow  with  strong  backward  sweeps  of  the  feet  ased  alternately,  and  sent  the  dirt 
flying  with  great  force.  Two  birds  were  placed  outside  in  holes  in  the  ground,  each 
secured  by  a  line  attached  to  the  leg.  They  made  a  little  effort  to  burrow,  but  soon 
stopped.  At  10  at  night  I  found  them  trying  to  go  toward  the  water.  Placing  them 
back  in  the  holes,  I  left  them  again,  hoping  to  ascertain  the  rate  of  excavation.  Un- 
fortunately, in  the  morning  only  the  bones  of  the  legs  remained,  and  the  tracks  of 
gallinazos  accounted  for  the  disappearance  of  the  birds. 

Presumably  both  condors  and  gallinazos  (buzzards)  may  be  accounted  enemies  of 
the  potoyuncos,  although  their  subterranean  life  and  nocturnal  flights  give  them 
substantial  protection  from  predatory  birds.  Certainly  the  chief  enemy  is  man. 
About  the  signs  of  old  camp-fires  numberless  wings  of  the  potoyuncos  were  oft«n 
observed.    For  a  while  I  was  puzzled  by  the  many  signs  of  sacks  having  been  dragged 


'Since  the  present  paper  waa  »et  in  type  the  senior  author  has  visited  San  Gallan  and  other  part* 
of  the  Peruvian  coast.  Account*  of  his  observations  on  the  diving  petrels  have  been  published  in  the 
•Brooklyn  Museum  Quarterlv'  as  follows:  Vol.  VII.  pp.  91.  93.  239  241.  242;  Vol.  Mil.  pp.  97.  9S, 
102,  104.  105. 
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down  the  high  hillsides,  imtil  it  was  observed  that  these  trails  led  in  almost  every 
case  to  the  grounds  where  there  were  burrows  of  potoyuncos — even  to  those  near 
the  very  tops  of  the  peaks.  The  ground  was  not  torn  up  as  if  guano  had  been  the 
object  of  search,  and  the  abundant  evidence  of  discarded  wings  of  potoyimcos  com- 
pleted the  story.  The  fishermen  assured  me  that  these  birds  were  very  good  when 
salted,  and  that  the  laborers  on  the  islands  regularly  brought  back  quantities  of 
poto3amcos  salted  down.  The  fishermen  with  me  asked  permission  to  take  the  birds 
for  food.  This  was  refused,  but  without  great  effect,  for  I  counted  twenty-one  birds 
drying  in  the  sun  one  morning,  and  I  know  that  they  had  first  eaten  all  they  had 
wanted. 

A  great  many  nests  were  examined,  to  find  in  each  nest,  if  tenanted,  only  one  egg 
or  one  young  bird.  The  eggs  are  purest  white,  with  very  thin  shell,  and  they  are  very 
variable  in  shape.  Some  are  short  and  well  rounded,  with  little  difference  between 
the  ends,  while  others  are  very  elongate  and  rather  pointed  at  the  smaller  end. 
The  measurements  of  six  eggs  of  the  potoyunco  were  as  follows: 

Length 
Width 

A  ''pichon,"  or  fledgling,  at  the  stage  when  the  wing  feathers  are  first  appearing, 
18  a  large  shapeless  mass  of  fat  and  down,  with  nearly  the  dimensions  of  its  parents, 
and  of  equal  weight.  Its  soft  coating  of  gray  down  measures  3-4  cm.  in  thickness 
(1%  inches  more  or  less).  If  a  single  tuft  of  down  is  pulled  out  there  is  foimd  growing 
out  of  the  blue  sheath  the  delicate  little  feather  which,  for  about  1  cm.,  is  white  (if 
from  the  lower  side  of  the  body)  or  black  (if  from  the  back) ;  many  of  the  barbs  of  the 
little  feathers  are  with  delicate  plumes  of  down,  which  are  dark  gray  for  about  2  cm. 
and  possess  white  tips  of  1  cm.  length.  The  head  protruding  from  this  great  ball  of 
down  appears  almost  bald  with  only  a  close  crop  of  gray  down. 

Valued  as  it  is  for  food  and  readily  open  to  capture,  the  potoyunco  must  eventu- 
ally be  brought  near  to  extinction  unless  effective  efforts  for  its  protection  are  made. 
It  will  be  unfortunate,  indeed,  if  the  potoyunco  and  the  penguin,  two  water  fowl 
which  produce  a  fertilizer  of  high  quality,  shall,  through  mere  human  negligence  or 
wastefulness,  become  lost  to  the  guano  industry.  Valuable  the  potoyuncos  may  be 
as  food,  or  the  penguins  for  the  skins  or  fat,  and  we  may  impose  little  personal  blame 
on  those  who  desire  the  food  or  the  skins  or  the  oils;  but  the  fact  remains  that,  when 
the  food  or  the  skin  and  oil  is  taken,  the  bird  is  lost  to  the  future,  while  the  removal 
of  the  guano  is  a  benefit  gained  without  loss.  With  due  care  each  of  these  important 
species  may  not  only  be  preserved  to  the  future,  but  may  be  restored  to  a  condition 
of  far  greater  abundance  and  value  than  at  the  present  time. 

Subgenus  Portbmobmis    Murphy  and  Harper 

Pelecanoides  magellani  (Mathews) 
Plates  XX,  XXI,  Figure  2,  XXII,  Figure  1 

Felecanaides  Berardi  Gould,  1841,  *2>ool.  Voy.  H.  M.  S.  Beagle,*  part  3,  'Birds,'  p. 
138  (paH). 

PeUcanaides  uHnatrix  Salvin,  1896,  'Cat.  Birds  Brit.  Mus./  XXV,  p.  437  (part). 
Crawbhat,  1907,  'Birds  Tierra  del  Fuego,'  p.  142.  Nicoll,  1909,  'Three  Voy- 
ages of  a  Naturalist,'  pp.  160,  180;  1904,  Ibis,  pp.  41,  47.  Godman,  1910, 
'Monogr.  Petrels,'  p.  299  (part).    Townse.nd,  1910,  Pop.  Sol.  Monthly,  July,  p.  6. 
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P  [uffinuria]  garnotii magellani  Mathews,  1912,  'Birds  Australia/  II,  p.  239. 

Type  Specimen. — Not  designated  in  Mathews'  description,  which  wa5  prob- 
ably based  ujwn  specimens  in  the  British  Museum. 

Type  Locality. — Strait  of  Magellan. 

Geographic  Range. — Chilean,  Fuegian,  and  Patagonian  coastal  and  inland 
waterways,  from  Cape  Horn  north  on  the  Pacific  side  of  the  continent  to  Trinidad 
Channel,  and  on  the  Atlantic  side  to  Puerto  Deseado,  Province  of  Santa  Crui,  Argen- 
tina. 

CiENERAL  Ch.^ract^rs. — Nearest  to  garnoti  in  general  form  of  bill,  to  mmtm 
in  size.  Differs  from  all  other  members  of  the  family  in  the  possession  of  white  tips 
to  feathers  of  back,  upper  rump,  and  wing-coverts  (in  fresh  plumage),  andinhavinga 
conspicuous  falcate  whitish  area  extending  from  the  side  of  the  neck  to  the  occiput; 
the  upper  breast,  moreoever,  is  always  pure  white  (never  crossed  by  a  mottled  collar). 
Natal  down  not  seen. 

Adults  (sexes  aijke). — Upper  parts  glossy  black;  feathers  of  the  back  and 
upper  rump  with  narrow  white  tips,  which  disappear  with  wear  (showing  best  in 
August  specimens,  entirely  absent  in  some  March  specimens);  scapubm  dusky 
neutral  gray  (lighter  on  the  inner  web),  with  a  terminal  band  of  whit€  (broader  on 
the  inner  web) ;  the  scapulars  forming  a  broken  but  distinct  diagonal  stripe  of  white; 
wing-coverts  and  secondaries  glossy  brownish  black,  the  former  with  narrow,  the 
latter  with  conspicuous,  white  tips  and  edges,  which  largely  disappear  with  wear; 
primaries  blackish  brown,  slightly  glossed,  becoming  paler  on  the  inner  web;  under 
wing-coverts  white,  a  few  feathers  near  the  edge  of  the  wing  with  dark  shafts  and 
splashed  with  blackish  mouse-gray;  rectrices  black  (fading  to  blackish  brown), 
paler  on  the  under  surface,  and  several  of  the  lateral  feathers  with  narrow  white  tips, 
which  disappear  with  wear;  lores  and  anterior  part  of  forehead  suffused  with  ck)V^ 
brown;  under  parts  white,  cheeks  and  sides  of  neck  dark  mouse-gray,  the  feathers' 
with  narrow  white  tips,  except  in  worn  plumage;  a  more  or  less  distinct  patch  w 
white,  falcate  in  shape,  behind  the  cheeks,  extending  from  the  throat  to  the  occiput; 
axillaries  varying  from  dark  to  blackish  mouse-gray;  sides  and  flanks  washed  or 
broadly  banded  with  dark  neutral  gray,  the  feathers  with  white  tips,  and  the  shafts 
black  subterminally;  feathers  of  tibia  fuscous;  down  plumules  and  aftershaft* ovtf 
entire  body  deep  neutral  gray.  Paraseptal  processes  situated  posterior  to  the  longi- 
tudinal center  of  the  septum  and  not  prominently  developed.  Bill  blackish;  ins 
brown;  tarsus  and  toes  bluish,  webs  black. ^ 

Adult  Mule.— Length  (skins),  204-218  (209.8);  wing,  120-133.5  (125.7);  tafl, 
36-44  (40.5);  exposed  culmen,  15-17  (16);  width  of  bill,  7.5-9  (8.1);  depth  of  bill. 
6-7(6.4);  tarsus,  26-30(28.1);  middle  toe  and  claw,  31-36.5  (34).* 

AduU  Female— Length  (skins),  197-227  (208.5);  wing,  121-132.5  (128);  tail, 
34-43.5  (39.3);  exposed  culmen,  15-17  (16.2);  width  of  bill,  7-8.5  (7.9);  depthof 
bill,  6-7  (6.2);  tarsus,  27.5-29.5  (28.2;;  middle  toe  and  claw,  31.5-36  (34.1).* 

Nestling — Not  seen. 

Specimens  Examined. — Total  number,  87,  as  follows: 


»Color  of  soft  parte  from  Berk's  notations  on  labeU.     Niroll  writes:    "Iris black;  biUbl»ck:t&Tii 
and  toes  blue-grey,  with  a  black  line  down  back  of  tarsus,  webs  black." 
Twenty  specimens. 
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Chile  and  Argentina:  Antonio  Island,  Trinidad  Channel,  1^;  Molyneux  Sound 
lat.  50^  17'  S.,  long.  74**  54'  W.j,  2^  Caroline  Island,  2*;  London  Island,  U^  Rey- 
lon  Island,  1*;  Hoste  Island,  1^;  False  Cape  Horn,  25*;  Strait  of  Magellan,  19^'  *; 
Yoods  Bay  IStrait  of  Magellan],  1^;  Punta  Arenas,  18*;  ''Puerto  Prat.,  lltima 
i:8peran2a,' Patagonia,"  1^;  lat.  48**  27'  S.,  long.  65**  36'  W.,  2} 

Locality  unknown:  3.^'*** 

Nesting  Season. — November  to  March. 

Egg. — Not  seen. 

Pelecanoides  magellanij  the  diving  petrel  inhabiting  the  complex  of 
Fuegian  waterways,  is  a  very  well-marked  and  distinct  species,  probably 
the  most  distinctive  and  certainly  the  handsomest  representative  of  the 
family.  It  is  surprising  that  both  Salvin^  and  Godman*  should  have 
synonymized  it  with  urinatrix.  Mathews  considered  it  merely  a  sub- 
species of  gamoti,  and  he  described  it  in  the  following  words.^ 

P  [uffinuria]  gamoiii  magellanif  suhsp.  n.  Straits  of  Magellan. 
This  bird  is  easily  referable  to  the  genus  Puffinuria  by  its  bill  characters,  and  is 
Beparable  from  the  preceding  [P.  g.  lesaoni]  by  its  inferior  size  and  the  pure  white 
oobration  of  the  inner  wing. 

The  differences  in  proportions  and  bill  structure  between  this  bird 
and  P,  gamoti  are  altogether  too  marked  to  admit  of  their  being  con- 
sidered races  of  the  same  species,  as  we  have  pointed  out  in  our  synopsis 
of  the  subgenera.  Furthermore,  the  invariable  whit<?ness  of  the  throat, 
and  the  white  tips  on  feathers  of  the  upper  parts,  are  unique,  qualitative 
'haracters  (Plates  XX-XXII). 

A  skin  in  the  British  Museum  (No.  81.5.1.6075)  is  evidently  the  one 
vhich  Salvin  listed  as  specimen  **r"  under  Pelecanoides  urinatrix  in  the 
Catalogue  ot  Birds,'  XXV,  p.  438,  with  the  comment,  "Type of  fla/a- 
Iroma  tenuirostris  Eyton.''  One  of  the  labels  on  the  specimen  itself 
>ear8  the  following  data:  ^'Haladroma  tenuiroUrh  Eyton.  Original.'' 
tTiis  name  appears  nowhere  else  in  the  literature,  so  far  as  we  have  dis- 
covered, and  is,  accordingly  a  nomen  nudum.  Though  neither  locality' 
lor  date  appear  upon  tlie  labels,  the  specimen  must  have  come  from  the 
ilagellan  region,  since  it  is  a  Pelecanoides  rnagellani  l)eyond  a  doubt, 
t  is  e\ddently  an  immature  bird,  with  a  weak  bill  and  measurements 
generally  IxjIow  the  average. 

The  best  published  observations  on  Pelecanoides  magellam  in  nature 
ire  those  of  Charles  Darwin  (cf.  Gould,  loc.  cit.)y  wh)  supplied  Gould 


iCollection  Brit.  Mus. 
'Brewster-Saiiford  Collection. 
»Collertion  Mus.  Comp.  Zool. 
«Colle''tion  Zool.  M\w..  Trinu. 
»Cat.  Bird«  Brit.  Mus.,  XXV.  tv  4;i7 
•Monocr.  Petrels,  p.  299. 
'Birda  Australia.  U.  p.  239 


516  BuUetin  American  Museum  of  Natural  History  [Vol.  XUV 

with  the  account  quoted  below.  In  reterring,  however,  to  its  occurrence 
"as  far  north  as  the  Chonos  Archipelago,"  he  was  unaware  of  the  existence 
of  another  diving  petrel  {Pelecanoides  urinatrix  coppingeri),  which  prob- 
ably inhabits  this  part  of  the  coast.   Darwin  wrote  as  follows : 

This  bird  is  common  in  the  deep  and  quiet  creeks  and  inland  seas  of  Tierra  del 
Fuego,  and  on  the  west  coast  of  Patagonia,  as  far  north  as  the  Chonos  Archipelago. 
I  neVer  saw  but  one  in  the  open  sea,  and  that  was  between  Tierra  del  Fuego  and  the 
Falkland  Islands.    This  bird  is  a  complete  auk  in  its  habits,  although  from  its  struc- 
ture it  must  be  classed  with  the  Petrels.    To  the  latter  Mr.  Gould  infomcis  me,  its 
affinity  is  clearly  shewn  by  the  form  of  its  beak  and  nostrils,  length  of  foot,  and  even 
by  the  general  colouring  of  its  plumage.    To  the  auks  it  is  related  in  the  general  form 
of  its  body,  its  short  wings,  shape  of  tail,  and  absence  of  hind-toe  to  the  foot.   When 
seen  from  a  distance  and  imdisturbed,  it  would  almost  certainly  be  mistaken,  from 
its  manner  of  swimming  and  frequent  diving,  for  a  grebe.    When  approached  in  a 
boat,  it  generally  dives  to  a  distance,  and  on  coming  to  the  surface,  with  the  same 
movement  takes  flight :  having  flown  some  way,  it  drops  like  a  stone  on  the  water,  as 
if  struck  dead,  and  instantaneously  dives  again.    No  one  seeing  this  bird  for  the  first 
time,  thus  diving  like  a  grebe  and  fl3dng  in  a  straight  line  by  the  rapid  movement  of 
its  short  wings  like  an  auk,  would  be  willing  to  believe  that  it  was  a  member  of  the 
family  of  petrels.  ...  I  observed  at  Port  Famine,  that  these  birds,  in  the  evening, 
sometimes  flew  in  straight  lines  from  one  part  of  the  sound  to  another;  but  during 
the  day,  they  scarcely  ever,  I  believe,  take  wing,  if  imdisturbed.    They  are  not  very 
wild:  if  they  had  been  so,  from  their  habit  of  diving  and  flying,  it  would  have  been 
extremely  difficult  to  have  procured  a  specimen.    The  legs  of  this  bird  are  "flax- 
flower  blue." 

The  general  likeness  of  the  diving  petrels  and  the  auklets  has  been 
mentioned  in  the  literature  many  times  since  Darwin  wrote  the  para- 
graph just  quoted,  but  it  has  not  hitherto  been  pointed  out  that  the 
plumage  of  this  species,  Pelecanoides  magellanij  now  for  the  first  time 
fully  recognized,  so  strikingly  resembles  the  winter  plumage  of  the  dove- 
kie  (Alle  alle) .  The  remarkable  similarity  between  these  two  unrelated 
birds  involves  not  only  size,  the  approximate  proportions  of  the  limbs 
and  tail,  and  absence  of  the  hind  toe,  but  also  the  color  and  texture  of 
the  whole  dorsal  and  ventral  surfaces,  the  common  possession  of  a  fal- 
cate white  area  at  the  sides  of  the  neck,  and  the  presence  of  white  mark- 
ings on  the  proxmial  flight  feathers  and  their  coverts.  Indeed,  the  homo- 
plastic resemblance  of  the  Fuegian  diving  petrel  and  the  dovekie, 
illustrated  in  Plate  XX,  constitutes  one  of  the  best  examples  of  con- 
vergent evolution  known  among  vertebrates. 

As  regards  the  pygopode-like  character  of  the  feathers  of  diving 

petrels,  Coues  has  written  as  follows: 

In  the  wings  and  tail  the  urinatorial  aspect  is  most  decidedly  marked.  The 
very  short  wings,  with  their  stiff,  falcate,  subacuminate  primaries  hardly  reach  to  the 
end  of  the  exceedingly  abbreviated  tail. 
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The  plumage  is  essentially  diverse  from  that  of  any  other  Procellaridian,  in  its 
compact  imbrication,  and  oily  glossiness,  which  comes  nearest  to  that  of  the  Loons; 
and  is  eminently  adapted  to  resist  the  action  of  the  water  in  which  the  habits  of  this 
species  cause  them  so  constantly  to  be  submerged. 

The  analogy  existing  between  the  diving  petrels  and  the  auklets  will  be 
referred  to  again  in  the  discussion  of  Pelecanoides  georgicus  (pp.  530-533). 
NieoU  has  given  the  following  account  of  the  present  species. 

I  first  saw  these  curious  little  Petrels  the  day  before  we  reached  the  Straits  of 
Magellan.  I  watched  them  all  the  afternoon  rising  under  our  bows,  flying  for  a  short 
distance  with  a  feeble  fluttering  flight,  and  then  diving  again  suddenly  into  the  water. 
They  were  abundant  all  through  the  Straits  and  Smythe's  Channel,  but  were  not  easy 
to  shoot,  as  they  dived  at  the  flash  of  the  gun.^ 

In  Molineux  Sound  two  examples  of  the  diving  petrel  were  obtained.  .  .  .  When 
skinning  this  bird,  one  cannot  fail  to  be  struck  by  the  curious  formation  of  the  gizzard, 
which  is  soft  and  flabby,  and  is,  in  fact,  merely  an  enlargement  of  the  proven triculus. 
All  those  I  examined  were  crammed  with  small  fishes.' 

Mr.  Beck  saw  a  great  deal  of  this  diving  petrel  during  his  several 
wanderings  in  the  intricate  Magellanic  waterways,  where  he  collected 
seventy-eight  specimens.  He  did  not  succeed  in  finding  an  egg  or  nest- 
ling, although  on  Hermite  Island,  just  northwest  of  Cape  Horn,  a  dog 
scratched  at  a  crevice  under  a  large  boulder,  and  Mr.  Beck  believed  that 
a  diver  was  nesting  within.  A  native  sealer  told  him  that  he  had  once 
found  a  nest  of  this  bird  on  one  of  the  islands  to  the  westward  of  Cock- 
bum  Channel.  It  was  several  hundred  feet  above  sea-level,  and  was 
unearthed  by  his  dog  while  they  were  searching  for  sea-otter  holes  on  a 
rocky  hillside. 

Mr.  Beck's  notes  do  not  confirm  NicoU's  observations  that  the 
straits-living  diving  petrel  flies  in  a  less  sustained  and  less  vigorous  man- 
ner than  the  pelagic  species  of  Tristan  da  Cunha.'  At  the  western  end  of 
Cockbum  Channel,  in  the  vicinity  of  Cape  Horn,  and  off  the  east  coast  of 
Patagonia,  Beck  often  saw  Pelecanoides  magellani  flying  straightaway 
for  long  distances — quite  out  of  sight,  in  fact.  He  reports  that  when  the 
birds  flew  low  they  sometimes  struck  the  crests  of  choppy  waves,  being 
checked  for  a  moment  in  their  course  and  then  recovering.  His  notes 
further  state  that  this  species  does  not  feed  in  flocks  like  the  whalebirds 
(Pachyptila)  but,  rather,  individually  or  in  very  small,  scattered  groups. 
They  appeared  to  feed  particularly  in  '* streaks''  on  the  water  caused 
doubtless  by  the  eflHuvia  of  their  prey.  Beck  occasionally  saw  single 
birds  pop  into  flight  from  beneath  the  surface.  The  stomachs  of  some 
that  he  shot  were  distended  with  invertebrates. 

U904.  IbU.  p.  47. 

nOOO,  'Thrae  Woygm  of  a  Naturaliat/  2d  Ed.,  p.  180. 

>Cf .  p.  M2. 
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The  following  notes  are  extracted  from  Mr.  Beck's  journal. 

Punta  Arenas,  July  8  and  9,  1914.  Diving  petrels  scattering;  about  thirty  col- 
lected in  the  strait  north  of  the  town. 

Nov.  17.  Coming  by  steamer  from  the  Atlantic  into  the  Strait  of  Magellan; 
a  few  diving  petrels  off  Cape  Virgenes.  Within  the  strait  they  were  much  less  oommon 
than  they  had  been  three  months  before. 

London  Island,  at  the  western  end  of  Beagle  Channel,  Nov.  30.  Diving  petieb 
came  into  the  protected  bay  for  shelter  from  a  williwaw;  several  shot. 

Caroline  Island,  Dec.  7-14.    Two  diving  petrels  collected. 

Lort  Bay,  False  Cape  Horn  (Hoste  Island),  Dec.  26.  Out  in  boat  for  two  hours, 
and  shot  twenty  diving  petrels,  which  were  common.  Many  came  into  the  bay  from 
the  northward  to  feed. 

Between  Hermite  and  Wollaston  islands,  Dec.  28.    One  diver  seen. 

London  Island,  Jan.  18,  1915.  Rain  and  squalls  all  day,  but  diving  petrels  did 
not  come  into  the  bay  as  they  usually  do  in  such  weather.  Only  one  seen  and  col- 
lected. 

Junction  of  Beagle  Channel  and  Magellan  Strait,  western  Tierra  del  Fuego, 
Jan.  21.    A  few  diving  petrels  seen. 

Twenty  miles  north  of  Punta  Arenas,  March  6.    Fifteen  or  twenty  shot. 

Lort  Bay,  April  7,  8,  and  9.  Where  dozens  of  diving  petrels  had  been  seen  in 
December,  only  one  was  noted  during  these  three  April  days. 

Lort  Bay,  April  20.    Two  seen. 

At  sea,  80  miles  east  of  San  Sebastian  Bay,  Argentina  (east  coast  of  Tierra  dd 
Fuego).    £Ugh  southwest  winds.    Three  diving  petrels  seen. 

OfT  Rio  Gallegos,  Patagonia  (60  miles  north  of  the  eastern  entrance  of  the  Strait 
of  Magellan),  May  11.  Strong  south  wind.  Diving  petrels  were  common  five  to  ten 
miles  offshore  in  the  heavy  sea. 

Between  Rio  Gallegos  and  Rio  Santa  Cruz,  May  24.  Many  diving  petrels 
among  other  fishing  birds,  20  miles  offshore. 

Four  miles  off  Cape  Virgenes,  May  26.    Two  diving  petrels  noted. 

Strait  of  Magellan,  east  of  Punta  Arenas,  June  11.    A  few  diving  petrels  seen 

Ushuaia,  Beagle  Channel,  July  15  (mid-winter).    One  or  two  seen. 

False  Cape  Horn,  July  25.  Two  seen. 

Off  the  mouth  of  the  Rio  GaUegos,  Argentina,  Aug.  8.  A  strong  offshore  wind, 
and  a  swift  tide,  during  the  forenoon.  Several  diving  petrels  were  noted,  keeping 
within  two  or  three  miles  of  the  land. 

At  8e.*i,  50  miles  northeast  of  Rio  Gallegos,  Sept.  10.  Three  or  four  diving 
petrels  seen. 

At  sea,  40  miles  east  of  Puerto  Deseado,  Sept.  13.    Two  seen. 

At  sea,  lat.  48°  27'  S.,  65°  36'  W.,  Sept.  15.    Several  diving  petrels  collected. 

Punta  Delgada,  Strait  of  Magellan,  Oct.  4.  Many  diving  petrels  flying  within 
the  Strait. 

The  Brewster-Sanford  series  of  Pelecanoides  magellani  comprises 
specimens  collected  during  the  months  of  January,  March,  July,  August, 
September,  November,  and  December.  Adults  shot  in  November  and 
Decem})er  had  enlarged  gonads  and  bare  brood-patches;  a  female  taken 
at  London  Island  on  November  30  contained  an  "egg  ready  to  lay  within 
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two  days."  By  March  some  of  the  young  birds  leave  the  nest.  A  female 
fledgling  (Brewster-Sanford  Coll.,  2855)  collected  at  Punta  Arenas  on 
March  6,  1915,  shows  the  diagnostic  characters  of  the  species,  i.e.,  the 
very  black  dorsal  surface,  pure  white  throat,  falcate  area  behind  the 
cheeks,  and  broad  white  edgings  on  the  proximal  wing  feathers.  It 
lacks,  however,  the  beautiful  white  terminations  of  the  dorsal  body 
feathers,  which  markings  are  therefore  proved  to  be  indicative  of 
maturity.  The  fledglings  have,  moreover,  weak  bills  and  small  claws, 
such  as  are  characteristic  of  juvenal  Tubinares  in  general. 

The  annual  molt  of  the  Fuegian  diving  petrel  occurs  between  the 
first  of  April  and  the  end  of  June,  for  specimens  taken  in  July  are  in  very 
bright  plumage,  with  new  remiges  and  rectrices  and  with  the  delicate, 
white,  lunulate,  terminal  markings  distributed  all  over  the  interscapular 
region  and  upper  rump.  From  July  onward  the  abrasion  of  the  plumage  is 
so  uniform  that  the  authors  find  it  easy  to  guess,  with  approximate  correct- 
ness, the  dates  of  capture  of  individual  specimens  merely  by  noting  the 
condition  of  their  plumage.  March  birds  are  relatively  worn  and  dingy, 
and  in  nearly  all  instances  the  white  edgings  on  the  back  have  entirely 
disappeared.  The  progress  of  wear  and  fading  throughout  the  year  is 
illustrated  by  three  typical  examples  in  figure  2  of  plate  XXI. 

The  series  of  skins  at  our  disposal  presents  considerable  evidence 
that  the  young  do  not  molt  their  contour  feathers  during  the  first 
season.  December  specimens  of  Pelecanoides  magellaniy  for  instance,  are 
of  two  kinds,  viz.,  birds  with  moderately  worn  plumage,  which  are 
evidently  adults,  and  others,  with  feathers  very  much  worn  and  frayed, 
which  we  believe  to  be  the  young  of  the  preceding  breeding  season. 
Some  of  the  latter  specimens  have  particularly  ragged  quills,  and  they 
aU  lack  the  white  interscapular  markings.  The  plumage  sequences  of 
this  species  are  therefore  assumed  to  be  virtually  the  same  as  those  .of 
Oceanites  oceanicuSy  which  have  been  worked  out  in  some  detail  by 
Murphy.* 

Subgenus  Pblaoodtptbs  Murphy  and  Harper 

Pelecanoides  georgicus  Murphy  and  Harper 
Plates  XXII,  Figures  1  and  2,  XXIII,  Figures  1  and  2. 

Pelecanoides  urinatrix  variety  Berardi  von  den  Steinen,  1890,  *Die  Deut4sohen  Exp. 

undihreErg.,'II,  p.  240. 
Pelecanoides  urinatrix  L6nnber(j,  190G,  Kuugl.  Sv.  Vet.  Akademiens  Handlingar, 

XL,  No.  5,  p.  73.    GoDMAN,  1910,  'Monogr.  Petrels,'  p.  299  (part).    Murphy, 

1914,  Auk,  XXXI,  pp.  4.50,  456. 

U018.  BniL  AfltMT.  Mua.  Nat.  Hitt..  XXXVIII.  pp.  n&-122. 
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Pelecanoides  exsul  L6nnberg,  op.  cit.,  p.  74. 

Pelecanoides  georgica  Murphy  and  Harper,  1916,  BuU.  Amer.  Mus.  Nat.  Hist,, 
XXXV,  p.  66. 

Type  Specimen. — No.  132451,  American  Museum  of  Natural  History;  adult 
male;  collected  December  26,  1914,  by  Joseph  G.  Correia. 

Type  Locaxjty. — Cumberland  Bay,  South  Georgia,  latitude  54**  16'  S.,  longi- 
tude 36^  26'  W. 

Geographic  Range. — South  Georgia,  Macquarie  Island,  and  waters  adjacent 
to  each. 

General  Characters. — Size  small,  approximating  that  of  P.  urinaitrix  chatham- 
erisia;  bill  proportionately  wider  at  the  base,  and  tapering  more  sharply,  than  in 
other  Pelecanoididse;  mottling  of  jugulum  decidedly  variable,  becoming  very  pro- 
nounced in  some  specimens.    Natal  down  gray. 

Adults  (sexes  alike). — Upper  parts  glossy  black;  scapulars  grayish  white, 
with  an  obscure  subterminal  band  of  deep  neutral  gray,  broader  and  slightly  darker 
on  outer  web;  the  scapulars  more  or  less  overlaid  and  concealed  by  the  dark  inter- 
scapulars, but  forming  in  many  specimens  a  broad,  conspicuous  diagonal  stripe; 
wings  glossy  black,  more  or  less  tinged  with  brownish,  especially  on  primaries; 
secondaries  generally  edged  narrowly  with  whitish,  and  primaries  becoming  pale  on 
edge  of  inner  web:  under  wing-coverts  white,  sometimes  mottled  with  pale  neutral 
gray,  and  the  shafts  sometimes  dark  terminally;  rectrices  blackish  brown,  with  a 
slight  gloss,  paler  on  the  under  surface,  and  the  worn  lateral  feathers  sometimes 
showing  whitish  edges;  anterior  part  of  forehead  and  lores  suffused  with  clove-brown; 
under  parts  white;  cheeks  and  sides  of  neck  deep  neutral  gray, the  feathers  narrowly 
tipped  with  white;  this  gray  mottling  var3ring  much  in  intensity  and  distribution, 
and  in  some  specimens  extending  completely  across  the  jugulum;  axillaries,  sides, 
and  flanks  barred  more  or  less  strongly  with  neutral  gray,  the  feathers  tipped  with 
white;  feathers  of  tibia  deep  mouse-gray;  down  plumules  and  aftershafts  over  entire 
body  varying  from  deep  mouse-gray  to  dark  mouse-gray,  with  lighter  tips.  Paraseptal 
processes  situated  at  the  longitudinal  center  of  the  septum.  Bill  black,  rami  of 
mandible  slaty;  iris  seal-brown;  tarsi  and  toes  flax-flower  blue;  webs  black.^ 

Adult  Male— Jiength  (skins),  193-218  (202.6);  wing,  104-122  (112.7);  taU,  34- 
42  (37.7);  exposed  culmen,  14-16  (14.9);  width  of  bill,  8-10  (8.9);  depth  .of  bill. 
5.5-6  (5.8);  tarsus,  22-26  (24.4);  middle  toe  and  claw,  27-33  (30.1).* 

AdtiU  Female.— Length  (skins),  181-215  (198.2);  wing,  104-120  (113.8);  tail, 
34-43(38.2);  exposed  culmen,  14-16  (14.7);  width  of  bill,  8-9.5  (8.8);  depth  of  bill, 
5-6(5.7);  tarsus,  21-26(24.2);  middle  toe  and  claw,  26-32  (29.9).' 

Nestling. — Protoptyle  down  light  mouse-gray  on  the  upper  surface  of  the  body, 
pallid  mouse-gray  beneath,  where  it  is  also  much  shorter  than  above;  throat  and 
sides  of  head  nearly  bare.  Mesoptyle  down  drab-gray;  longer,  less  dense,  and  of 
looser  texture  above  than  on  the  ventral  surface.  Contour  feathers  appearing  first 
on  the  bare  parts  of  head  and  throat,  then  on  wings,  tail,  and  back.  Down  lost  pro- 
gressively from  head,  wings,  back,  flanks,  and  breast,  cUnging  longest  on  the  belly, 
and  fading  decidedly  writh  age  (Fig.  4). 

'Colors  of  soft  parts  as  noted  in  living  specimen. 

'One  hundred  specimens;   only  twenty,  however,  measured  for  total  length  and  for  depth  of  bill. 

•Eighty-five  specimens;   only  twenty,  however,  measured  for  total  length  and  few  depth  of  bill. 


921]  Murphy  and  Harper,  A  Review  of  the  Diving  PeireU  521 

SpEaMENS  Examined. — Total  number,  250,  as  follows: 

South  Georgia,  247  ^'  ^'  ';  Macquarie  Island,  2';  "Island  south  of  New  Zealand," 

• 

Nesting  Season. — November  to  March. 

Ego. — Ovate,  short  ovate,  or  oval;  pure  white,  lusterless;  measurements  of 
3ur specimens,  38.5X32,  39X30, 39X31, 41X32.3  (average,  39.4X31.3).  A  "runt" 
gg  is  subspherical  and  measures  24.5  X  22.  Average  volume  of  the  four  normal  eggs, 
6.2  cubic  centimeters. 

Observations  on  Pelecanoides  georgicus  were  made  by  the  senior 
writer  in  1912-1913  during  the  South  Georgia  Expedition  of  the  Brooklyn 
Museum  and  The  American  Museum  of  Natural  History.  A  large 
eries  of  beautifully  prepared  specimens  of  diving  petrels  was  sub- 
equently  collected  at  South  Georgia  by  Mr.  Joseph  G.  Correia,  of  New 
Jedford,  Mass.  The  following  data  on  the  life  history  of  the  species 
,re  taken  chiefly  from  Mr.  Murphy^s  notebook,  but  in  part  from  informa- 
ion  supplied  by  Mr.  Correia. 

Divers  were  first  observed  at  sea  in  latitude  50°  12'  S.,  longitude 
;4*'  47'  W.,  on  November  20,  1912.  This  is  about  280  miles  north  of 
>outh  Georgia.  None  were  noted  again  until  February  24,  1913,  when 
aany  were  seen  at  dusk  in  the  main  channel  of  the  Bay  of  Isles,  South 
Georgia.  On  February  27  a  breeding  colony  was  discovered  in  a  broad 
ralley  which  runs  eastward  from  the  head  of  Possession  Bay  between  two 
ligh,  symmetrical  mountain  peaks.  The  floor  of  the  valley  is  partly 
rf  broken  stone,  partly  grassy,  with  some  water-saturated  moss  and 
«veral  glacier  streams.  Pelecanoides  burrows  were  distributed  from  the 
hore  of  the  bay  to  the  higher  slopes  two  miles  inland,  not  only  on  banks 
ind  knolls,  but  also  on  the  flat  itself,  wherever  a  little  bed  of  clay  and 
and  covered  with  vegetation  was  raised  a  foot  or  so  above  the  general 
tony  level.  The  excavations  were  hardly  larger  than  field-mouse  holes, 
it  least  at  the  entrance  (7  cm.  in  diameter,  according  to  von  den  Steinen) ; 
)ut  some  of  them  were  as  much  as  six  feet  in  length.  As  a  general  rule, 
hey  led  down  steeply  for  a  few  inches  and  then  ran  horizontally  but 
nth  sharp  lateral  turns.  Some  tunnels  were  doubled  back  almost  on 
heir  own  tracks,  and  often  there  was  a  diverticulum  just  outside  of  the 
lest  chamber.  Here  and  there  a  burrow  ran  beneath  a  roof  of  the  tangled 
cots  of  a  rosaceous  herb  {A  cxna  adscendens).  It  frequently  happened 
hat  the  course  was  changed  by  stones  encountered  during  the  digging, 
.nd  that  the  nest  chamber  lay  under  a  stone.  The  chambers  were  un- 
ined  except  for  a  little  down  and  an  occasional  bit  of  lichen,  p)erhaps 


*CoU6ctioD  Brooklyn  Mus.,  now  in  part  distributed. 
^Collection  Amer.  Mus.  Nat.  Hist. 
*CoUectioD  Zool.  Mua.,  Tring. 
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introduced  by  accident.  Most  of  the  nests  contained  well-grown  young, 
a  few  of  which  had  all  but  lost  the  down.  Each  of  two  nests  dug  open  on 
March  3  held  one  adult  bird,  but  neither  egg  nor  young. 

All  the  young  divers  found  were  exceedingly  fat,  except  for  one  or 
two  poor  starvelings  which  were  reduced  to  a  condition  of  mere  feathers 
and  bones,  and  which  had  crawled  to  the  mouths  of  their  burrows  in 
vain  expectation  of  their  parents,  when  no  doubt  the  latter  had  been 
accounted  for  by  some  skua  (Catharacta)  days  or  perhaps  weeks  before. 
Other  nests  contained  emaciated  dead  young,  and  told  of  the  consum- 
mation of  similar  tragedies. 

During  a  snowstorm  on  the  evening  of  March  13,  two  diving  petrels 
(PI.  XXIII),  dazzled  by  a  lantern,  flew  on  board  our  vessel  which  lay  at 
anchor  in  Possession  Bay.  The  captain  of  a  Norwegian  "floating  whal- 
ing-factory" informed  us  that  when  he  had  moored  his  steamer  in  Pos- 
session Bay  one  January  night,  the  decks  had  suddenly  swarmed  with 
divers  attracted  by  the  lights. 

On  March  15,  1913,  our  vessel  stood  to  sea  from  Possession  Bay, 
when  the  senior  writer  fortunately  had  occasion  to  make  a  trip  in  a  row- 
boat  to  a  neighboring  whaling  station  for  the  purpose  of  posting  mail. 
Shortly  after  sunset  we  started  on  a  ten-mile  pull  to  the  brig  offshore, 
and  as  soon  as  we  were  well  beyond  the  mouth  of  the  bay  our  boat  was 
continually  in  the  midst  of  innumerable  small  Tubinares  flocking  over 
the  calm  dusky  sea.  Oceanites,  Fregetta  grallariay  Petrella  capensis, 
and  diving  petrels  made  up  the  bulk  of  these  birds,  which  fluttered  all 
about  us  like  bats.  Diving  petrels  also  covered  the  water  in  swimming 
flocks,  and  often  took  to  flight  at  the  approach  of  the  boat,  usually  diving 
again  within  a  short  distance.  In  spite  of  the  diminutive  size  of  their 
wings,  they  seemed  to  fly  at  very  high  speed. 

Divers  were  observed  on  the  bays  of  South  Georgia  throughout  the 
year  by  members  of  the  German  *  Transit  of  Venus '  Expedition.  Doubt- 
less most  of  them  spend  the  months  of  the  southern  winter  on  the  neigh- 
boring or  distant  seas,  returning  to  the  breeding  grounds  in  October. 
The  excavation  of  their  long  burrows  through  hard,  stony,  often  frozen 
soil  is  a  tremendous  task,  accomplished  entirely  at  night  by  the  employ- 
ment of  both  the  bill  and  the  strongly  clawed  feet.  Before  dawn  the 
birds  discontinue  their  labor  and  retreat  to  sea,  so  avoiding  their  ever- 
present  enemy,  the  skua.  That  numbers  of  them  are  nevertheless  cap- 
tured is  indicated  by  dismembered  skeletons  on  the  ground  in  the  neigh- 
borhood of  the  colonies. 
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When  the  burrows  have  been  completed,  the  mated  pair  can  usually 
be  found  together,  until  the  egg  is  laid,  after  which  only  one  bird  remains 
in  the  nest  chamber  at  a  time.  After  hatching,  the  young  bird  is  in- 
variably left  quite  alone  between  daybreak  and  dark.  Not  infrequently 
the  diver  colonies  are  temporarily  obliterated  by  a  heavy  covering  of 
snow. 

The  advent  of  man  at  South  Georgia  4ias  brought  a  more  insidious 
enemy  of  the  divers  than  the  skua,  for  in  the  subterranean  runways  of 
introduced  rats  have  been  found  great  quantities  of  cleanly  picked 
Pelecanoides  bones. 

No  food  substances  were  found  within  the  stomachs  of  South 
Georgian  diving  petrels,  but  only  occasional  pebbles.  A  stomach  pre- 
served in  alcohol  contains  four  fragments  of  clay-slate,  the  largest  of 
which  measures  10X6  mm. 

All  of  the  247  specimens  of  South  Georgian  diving  petrels  examined 
by  the  writers  (except  possibly  one,  an  undated  specimen  of  von  den 
Steinen's)  were  taken  between  the  dates  November  29  and  March  13, 
or  within  the  limits  of  the  breeding  season.  The  series,  therefore,  throws 
no  light  upon  the  molt,  which,  in  this  most  austral  species  of  the  family, 
is  doubtless  postnuptial  and  very  regular. 

« 

Growth  and  molt  of  the  downy  plumages  of  young  birds  are  illus- 
trated in  figure  4.  The  smallest  specimen  (110  mm.  in  total  length) 
is  clothed  with  short,  straight  protoptyles,  varying  in  color  from  pallid 
mouse-gray  beneath  to  a  slightly  darker  gray  above.  The  dorsal  down  is 
much  longer;  the  throat  and  the  sides  of  the  head  are  practically  bare. 
The  next  specimen  is  evidently  considerably  older  (185  mm.  in  length), 
and  is  clad  in  long,  dense,  rather  curly  mesoptyle  down,  drab-gray  in 
color  and  of  looser  texture  above  than  below.  The  contour  plumage  is 
appearing  in  the  form  of  pin-feathers  on  the  bare  throat  and  cheeks,  and 
the  primaries  have  sprouted  to  a  length  approaching  30  mm.,  although 
the  rectrices  have  scarcely  punctured  the  skin.  Fig.  4  sufficiently  in- 
dicates the  further  progress  of  growth,  but  it  is  interesting  to  note  that 
the  last  tufts  of  much  bleached  mesoptyle^?  cling  to  the  center  of  the  belly, 
where  they  serve  as  a  cushion  or  mattress  until  the  nestling  has  attained 
practically  its  full  development. 

One  of  our  fledglings,  taken  from  the  burrow,  had  lost  the  last  trace 
of  its  down  as  early  as  March  15.  The  juvenal  plumage  is  indistinguish- 
able from  that  of  breeding  birds,  except  that  no  mottled  areas  on  the 
jugulum  are  to  be  seen  among  our  series  of  fledglings,  and  the  brownish 
tinge  on  forehead  and  lores  is  usually  fainter  and  less  extensive  than  in 
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adults.  Young  birds  taken  after  they  have  left  the  nesting  grounds  are 
at  once  determinable,  however,  because  of  their  weak  and  slender  bills. 
A  knowledge  of  this  has  enabled  us  to  understand  by  analogy  the  status 
of  immature  diving  petrels  of  other  species  collected  at  sea  in  the  New 
Zealand  region  and  elsewhere. 

This  species  was  considered  by  the  writers  to  be  confined  entirely  to 
South  Georgia  and  vicinity,  until  the  present  paper  was  already  in  proof. 
It  was  then  discovered  that  two  specimens  in  the  Tring  Museum,  col- 
lected at  Macquarie  Island,  were  almost,  it  not  quite,  identical  with  South 
Georgia  specimens.  In  the  shape  of  the  bill  and  the  nasal  orifices,  in  the 
position  of  the  paraseptal  processes  at  approximately  the  longitudinal 
center  of  the  septum,  and  in  practically  every  detail  of  plumage,  they 
exhibit  such  exceedingly  close  affinities  with  P.  georgicus  that  we  feel 
imable  to  separate  them  even  subspecifically.  The  measurements  of  the 
two  specimens,  an  adult  male  and  female,  collected  in  October  1899  and 
received  from  H.  Travers,  are,  respectively,  as  follows:  length  (sjdns), 
186,  182;  wing,  107.5,  109.5;  tail,  39,  35;  exposed  culmen,  14.5, 14.5; 
width  of  bill,  8,8;  depth  of  bill,  6,6;  tarsus,  22,  23;  middle  toe  and  claw, 
27.5,  28.  The  same  museum  contains  a  third  specimen,  an  adult  male, 
which,  according  to  the  data  on  the  label,  was  found  in  the  London 
market  in  frozen  condition  on  March  2,  1905,  and  came  from  an  "Is.  S. 
of  New  Zealand."  This  island,  in  all  Ukelihood,  was  Macquarie,  for  the 
specimen  agrees  entirely  with  the  two  mentioned  above  and  is  quite 
unlike  any  others  which  we  have  examined  from  the  whole  New  Zealand 
region.  Its  measurements  are:  length  (skin),  176;  wing,  110.5;  tail, 36; 
exposed  culmen,  14.5;  width  of  bill,  7.5;  depth  of  bill,  6;  tarsus,  23.5; 
middle  toe  and  claw,  28.5.  Most  ot  the  measurements  of  these  three 
specimens  are  slightly  below  the  average,  but  above  the  minima,  for  the 
large  series  from  South  Georgia.  The  mottling  at  the  sides  of  the  neck 
does  not  extend  across  the  jugulum  in  any  of  these  three,  as  it  does  in 
some  of  the  South  Georgia  specimens. 

The  discovery  of  these  representatives  of  P.  georgicus  from  Mac- 
quarie Island  is  of  exceptional  interest  from  several  points  of  view.  In 
the  first  place.  South  Georgia  and  Macquarie  Island  are  situated  on 
almost  exactly  opposite  sides  of  the  South  Pole,  and  are  over  8000 
miles  distant  from  each  other  across  the  South  Atlantic  and  Indian 
oceans  along  the  parallel  of  latitude.  Though  both  are  situated  at  the 
same  latitude.  South  Georgia  lies  within  and  Macquarie  Island  without 
the  extreme  limit  of  pack-ice.  Apparently,  then,  the  exact  limit  of  the 
pack-ice  is  not  a  significant  factor  in  the  distribution  of  the  si)ecies.  The 
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occurrenee  of  P.  georgiais  at  two  such  widely  separated  localities  ie  per- 
haps somewhat  comparable  with  the  diHtribution  of  Bulwen^  bulweri, 
Oceanodroma  canlro,  and  Oceanoihoma  leitcorhoa,  although  there  is  no 
continental  barrier  between  theextremesof  its  range,  as  thereis between 
the  Atlantic  and  Pacific  ranges  of  the  other  three  species  just  mentioned. 
Indeed,  we  may  now  look  with  some  confidence  for  the  discovery  of  P. 
georgicus,  or  some  closely  allied  representative  of  the  subgenus  PeUgo- 
dyptes,  at  other  subantarctic  islands  lying  between  the  53d  and  60tli 
parallels  of  south  latitude,  such  as  the  South  Sandwich  group,  Lindasy 
(or  Bouvet)  Island,  McDonald  and  Heard  Islands,  Emerald  Island,  and 
the  islets  of  Nimrod  and  Dougherty  (if  they  really  exist). 

Several  diving  petrels  were  observed  by  the  'Scotia'  expedition  in 
latitude  52"  31'  S.  to  51°  S.,  longitude  approximately  9°  W.  From 
climatic  considerations  it  appears  likely  that  these  were  P.  georgicut 
rather  than  P.  u.  dacunJuB. 

The  peculiar  value  of  our  lai^e  -series  of  South  Georgian  diving 
petrels,  not  only  to  this  review  but  to  a  comprehension  of  the  biology  oi 
Tubinares  in  general,  lies  in  the  fact  that  an  intensive  study  of  that 
specimens,  which  comprise  birds  of  so  many  different  ages  and  physo- 
logical  conditions,  may  help  in  solving  problems  among  other  species 
represented  only  by  fragmentary  material.  With  this  in  mind,  it  will  be 
of  interest  to  consider  the  question  of  variation  within  so  well-defined* 
species  as  this  isolated,  insular  form. 

Color 
Dichromatisni  is  a  farailar  phenomenon  am«  ~  '  ' 
variation  in  Pdecanoiden  georgicus  seems  to  be 
extent  of  gray  m()ttling  at  the  sides  of  the  v 
jugulum,  and  along  the  flanks.  The  extremes  of  vt 
mens  that  we  have  examinetl  ai-e  illustrated  in  f 
It  was  this  difference  that  led  Lonnbei^  to  re 
specimens  as  representing  both  "  Pelecanoides 
canoides  exsul."  As  a  matter  of  fact, the  mottli 
approach  that  of  P.  exuul  in  either  disfinctnes 
however,  to  varj-  in  approximately  the  same  d« 
species  P.  u.  urinalrix.  On  the  other  hand,  tl: 
from  individual  to  individual  is  of  much  wider 
canoides  garnoti,  in  which  species  the  faint,  fuse 
ably  imiform;  in  Pelecanoidet  magellani  there  is  never  a 
soever  of  a  jugular  collar.    We  can  determine  no  correlatii 
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the  case  of  the  length  of  toe  and  claw,  the  noteworthy  discrepancies  are 
indeed  accounted  for  by  the  fact  that  the  OceanUes  measurements  are 
based  upon  both  immature  and  adult  specimens  taken  at  many  seasons 
of  the  year  and  over  a  wide  area,  whereas  the  Pelecanaides  figures  are 
derived  from  breeding  adults  in  an  approximately  uniform  state  of 
plumage.  The  two  tables  are,  in  fact,  comparable  only  when  it  is  borne 
in  mind  that  the  Pelecanaides  percentages  represent  true  individual 
variation,  while  the  Oceanites  percentages  represent  individual  plus 
age,  seasonal  or  physiological,  and  possibly  geographic,  variation.  Age 
and  the  relation  of  a  bird's  plumage  at  any  one  time  to  its  plumage  after 
the  season  of  periodical  renewal  have  an  important  bearing,  which  is  too 
often  overlooked,  upon  measurements  that  may  be  used  as  the  basis 
of  taxonomic  characterization. 


Table  II 


Ssx 

Datb 

NUMBBR 
OP 

Spbchixmb 

WiNO 

Tail 

EXPOSKD 
CULMBN 

Width 
or  Bill 
AT  Basb 

TAB8U8 

MiDDLI 
Tot  AMD 

Cuw 

mm. 

mm. 

mm. 

mm. 

mm. 

lrlWI« 

Nov.  29 

3 

115.7 

40.0 

14.8 

9.0 

24.0  , 

29.3 

Dec.  6 

9 

112.9 

38.2 

15.1 

8.8 

24.7 

30.1 

Dec.  13 

16 

112.2 

38.4 

14.9 

8.9 

24.5 

30.1 

Dec.  20 

20 

112.8 

37.8 

14.9 

8.9 

24.4 

29.8 

Dec.  2b 

17 

112.0 

36.9 

14  8 

8.8 

24.4 

30.4 

Males 

Jan.  1 

7 

114.3 

38.1 

15.0 

9.0 

24.4 

30.1 

Jan.  10  and  11 

12 

113.2 

37.3 

14.8 

8.9 

24.3 

29.8 

Jan.  17 

11 

112.2 

37.3 

15.2 

9.0 

24.3 

30.6 

Jan.  31 

2 

114.0 

37.5 

16.0 

8.8 

24.0 

9 

29.0 

Feb.  8,  22, 

1 

1 

and  28 

3 

108.7 

35.3 

15.2 

8.8 

23  3 

30.3 

Total 

100 

Nov.  29 

5 

112.6 

38.8 

14.6 

9.0 

24.6 

30.6 

Dec.  6 

12 

113.4 

38.8 

14.8 

8.8 

24.0 

29.7 

Dec.  13 

6 

112.7 

38.7 

14.8 

8.9 

24.6 

30.6 

Dec.  20 

8 

114.3 

38.4 

15.0 

8.5 

24.0 

29.5 

Females 

Dec.  26  and  30 

18 

114.2 

37.9 

14.7 

8.6 

24.1 

29.9 

Jan.  1 

13 

114.5 

38.9 

14.7 

9.0 

24.0 

29.3 

Jan.  10 

10 

114.0 

37.1 

15.0 

8.9 

24.5 

30.1 

Jan. 17 

8 

114.5 

38.4 

14.7 

8.9 

24.6 

30.0 

Jan.  31 

2 

110.5 

35.0 

15.0 

8.8 

23.8 

30.0 

Feb.  2  and  8 

3 

111.7 

36.0 

14.5 

8.0 

23.7 

30.3 

Total 

85 

' 

j 
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Table  V. — Data  for 

Oceanites  oceinicus 

WlNO 

Tail 

Exposed 

CULMKN 

Width 
OP  Bill 
▲tBa0e 

Tabsub 

Middle 

TOBAKD 

Claw 

Percentage   of   the   Average   to 
Which  the  Amplitude  of  Varia- 
tion Amounts  in  97  Specimens 
from  the  Atlantic  Ocean,  In- 
cluding   Juvenal    Birds    and 
Molting  Adults 

14.0 

26.0 

17.0 

32.0 

16.0 

10.0 

A  comparison  of  single  full-grown  skeletons  of  Pelecanoides  georgicus 
and  Pelecanoides  urinairix  urinairix  shows  more  clearly  than  the  skins 
that  the  New  Zealand  form  is  the  larger,  stouter  bird,  the  differences  of 
size  being  especially  perceptible  in  the  sacrum  and  sternum.  Pelecanoide^ 
geargicus  has  broader  palatines  than  the  Old  World  representative,  but 
all  other  elements  of  the  skull  are  larger  in  the  latter  species.  The  maxil- 
lary and  mandibular  bones  reveal  the  diagnostic  differences  in  the  forma- 
tion of  the  bill.  The  number  of  vertebrae  Ls  the  same  in  the  two  species, 
viz.,  presacral,  21;  sacral,  12;  coccygeal,  9.  It  is  of  much  interest  that 
Alle  alle  has  also  the  same  number  and  arrangement  of  vertebra. 

The  following  table  records  comparative  measurements  in  milli- 
meters of  the  skeletons  of    two    adult    diving    petrels  (Pelecanoides 

Table  VI 


Pelecanoides 

Pelecanoides 

AUe 

georgicus 

u.  urinairix 

alk 

Extreme  length  of  Skull 

48.2 

51.0 

51.0 

Greatest  Breadth  of  Brain-case 

18.0 

19.0 

20.0 

Length  of  Spinal  Column 

120.0 

138.0 

146.0 

Axial  Length  of  Sacrum 

24.0 

27.0 

31.0 

Sternum,  Manubrium  to  Posterior  End  of 

Keel 

36.0 

39.6 

55.0 

Length  of  Coracoid 

22.0 

24.0 

21.2 

Wing 

119.7 

127.2 

124.0 

Proximal  Element  (humerus) 

42.0 

44.0 

42.0 

Mesial  Element 

34.5 

35.0 

38.0 

Distal  Element  (manus) 

43.2 

48.2 

44.0 

Hind  Limb 

113.6 

120.1 

120.0 

Proximal  Element  (femur) 

22.6 

23.8 

28.0 

Mesial      Element     (tibia,     excluding 

cnemial  ctest) 

40.0 

41.7 

44.0 

Distal  Element  (tarsometatarsus  and 

middle  toe) 

51.0 

54.6 

48.0 
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georgicuSy  Brooklyn  Mus.,  11274,  South  Georgia,  and  Pelecanoides 
urinairix  urinairix,  U.  S.  Nat.  Mus.,  18771,  New  Zealand),  and  an  adult 
dovekie  {Alkalle,  Brooklyn  Mus.,  11273,  Long  Island,  N.  Y.). 

The  length  of  the  distal  segment  of  the  wing  inclusive  of  the  flight 
feathers,  i.e.,  the  ordinary  **wing'*  measurement  of  descriptive  ornithol- 
ogy, averages  113  mm.  in  185  adult  specimens  of  Pelecanoides  georgicris. 
The  same  dimension  in  Alle  alle  may  be  reckoned  at  118  mm.,  a  figure 
derived  by  taking  the  approximate  mid-point  between  the  extreme 
measurements  (114-121.5  mm.)  given  for  the  wing  of  this  species  in 
Ridgway's  *  Manual  of  North  American  Birds'  (1900).  Notwithstand- 
ing the  considerably  longer,  stouter  ribs  of  Alle^  which  together  with  the 
indicated  greater  length  of  its  vertebral  column  and  sternum,  give  it  a 
torso  a  third  larger  and  doubtless  more  than  a  third  heavier  than  that  of 
Pelecanoides  georgicuSy  the  latter  would  seem,  so  far  as  can  l>e  judged 
from  the  tabulated  figures,  to  have  relatively  the  more  efficient  organ 
of  flight.  We  lack,  however,  the  data  to  determine  to  what  extent  the 
comparatively  shorter  wing  of  Alle  may  be  compensated  for  by  a  power 
unit  of  larger  muscles  and  a  greater  expenditure  of  energy.  Unfor- 
tunately, we  have  no  records  of  the  weights  of  these  two  species  in  the 
flesh.  The  area  of  the  expanded  wing  of  a  single  adult  specimen  of  Pele- 
canoides georgicus,  computed  by  means  of  a  planimeter,  is  69.7  square 
centimeters.  That  of  Alle  alle,  likewise  based  upon  one  specimen,  is 
64  square  centimeters. 

The  ** whirr-flight"  of  diving  petrel  and  dovekie  rather  resembles 

that  of  short-winged  gallinaceous  birds,  such  as  Colinus.    It  will  be  of 

interest,  therefore,  to  compare  certain  mechanical  features  of  the  wing 

which  are  shared  to  some  extent  by  these  three  widely  separated  genera, 

and  to  contrast  the  ratios  of  the  proximal  and  distal  alar  elements  with 

ratios  of  the  same  sort  worked  out  for  other  birds  of  not  too  dissimilar 

size  but  exemplifying  distinctly  different  types  of  flight.     A  tern  and 

representatives  of  two  long-winged  subfamilies  of  thoTubinares  may  serve 

for  the  latter  group.     In  the  following  table  the  length  of  *'manus" 
Table  VII. — Length  or  Wing  Elements  in  Millimeters 


Humerus 

Manus 

"Wing'' 

i 

Pelecanoides  georgicus 

42 

43 

113 

AUealU 

42 

44 

117 

Colinus  virginimus 

36 

34 

114 

Gygis  crawfordi 

51 

68 

240 

Oceinadroma  leucarhoi 

37 

43 

154 

Ocemites  oceanicits 

23 

37 

145 
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refers  to  the  distal  skeletal  unit  of  the  wing,  from  carpus  to  the  tip  of  the 
longest  phalanx;  '*wing,''  on  the  other  hand,  means  the  distal  unit 
inclusive  of  the  primary  quills,  as  described  above. 

These  data  may  be  reduced  to  easily  comprehensible  ratios  by  divid- 
ing the  lengths  of  "wing*' and  manus,  respectively,  by  the  length  of 
the  humenis.    Then, 


Alar-humeral  ratio   » 


"wing" 


Mano-humeral  ratio 


humenis 

bony  manus 

humerus 


Table  VIII 

Alar-humeral 
Ratio 

M  ANO-HUMEBAL 

• 

Ratio 

Pelecanoides  georgicus 

AUeaUe 

Colinv^  virginianus 

Gygis  crawfordi 
Oceanodroma  leucarhoa 
Oceanites  oceanicus 

2.69 
2.79 
3.17 

4.71 
4.16 
6.30 

1.02 

1.05 

.94 

1.33 
1.16 
1.61 

It  is  interesting  to  note  that  in  these  six  rather  diverse  species  the 
ratios  between  distal  and  proximal  elements  of  the  wing,  when  the  flight 
feathers  are  involved,  vary  vastly  more  than  the  ratios  between  skeletal 
elements  alone.    Phylogenetic  and  mechanical  difTcrences  in  the  mechan- 
ism of  the  wings  lie  therefore  mainly  in  epidermal  modifications.    The 
range  of  the  mano-humeral  ratios  in  the  two  groups,  while  noticeable, 
and  doubtless  not  without  important  relations  to  the  expenditure  of 
energy  during  flight,  is  far  loss  striking  than  that  of  the  alar-humeral 
ratios.    We  have  not  tabulated  the  relative  lengths  of  the  mesial  or  ulnar 
element  because  its  significance  in  the  case  of  the  six  species  under  con- 
sideration appears  to  be  of  lesser  importance.    Among  large  Tubinares, 
such  as  the  albatrosses,  however,  the  marked  lengthening  of  the  mid- 
wing  doubtless  has  a  profound  effect  upon  flight. 

Aside  from  the  proportions  of  the  wings,  the  chief  structural  adapta- 
tions of  PelecanoidcH  georgicus  and  P.  urinatrix  to  their  auklet-like  mode 
of  life  are  to  be  seen  in  the  caudad  extension  of  the  primitive  tubinarine 
sternum  and  rib-basket.  The  lower  segments  of  the  ribs  are  extra- 
ordinarily lengthened,  meeting  the  superior  segments  at  an  acute  angle. 
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s  in  AUe.  The  pectoral  arch  has  been  strengthened  through  the  inter- 
)cking  of  the  lower  end  of  the  furculum  with  the  anterior  tip  of  the 
rista  sterni.  In  our  single  skeleton  of  Pelecanoides  georgiciLS,  the  furculum 
J  slightly  asymmetrical  and  the  right  clavicle  appears  to  have  sustained 
n  injury  during  development.  The  skeleton  of  Alle  alle,  with  its 
longate  sternum,  to  which  is  appended  an  ossified  ensiform  membrane 
)r  the  further  support  of  the  viscera,  its  shorter,  heavier  coracoids,  more 
ompact  sacrum,  and  the  almost  complete  "ribbing-in'*  of  the  entire 
lioraco-abdominal.  cavity,  represents,  in  so  far  as  the  axial  architecture 
f  the  bird  is  concerned,  a  higher,  structurally  superior  adaptation  to 
3sisting  the  forceful  impact  and  pressure  of  water  during  plunges  from 
ight  and  subsurface  progression,  habits  of  life  which  it  shares  with 
*€lecan(nde8. 

Subgenus  Pblicanoidis  Lac^p^de 

Pelecanoides  urinatriz  urinatrix  GmeUn 

living  Petrel,  Forstbr,  1777,  *Voy.,'  I,  p.  189. 

*ujSlinttria  urinsttrix  GouiiD,  1844,  'Birds  Australia,'  VII,  PI.  lx. 

'elecawndes  urinatrix  Coues,  1866,  Proc.  Acad.  Nat.  Sci.    Philadelphia,  XVIII, 

p.  190.    BuLLER,  1873,  'Birds  New  Zealand,'  p. 313;  1888,  'Birds  New  Zealand,' 

II,  p.  207;   1905,  *Suppl.  Birds  New  Zealand,' I,  p.  126.     Hutton,  1874,  Ibis, 

p.  41.    Ramsay,  1888,  'List  Australian  Birds,'   p.   24.     Salvin,    1896,  'Cat. 

Birds  Brit.  Mus.,'  XXV,  p.  437.    Godman,  1910,  'Monogr.  Petrels,'  p.  299 

(part).    Littler,  1910,  'Handbook  Birds  Tasmania,'  p.  184  (part).     Lucas 

and  Le  SoufiF,  1911,  'Birds  Australia,'  p.  64.     North,  1914,  'Nests  and  Eggs 

Birds  Australia  and  Tasmania, '  IV,  p.  376. 
decanotdes  berardi  Buller,  1888,  'Birds  New  S^Iand,'  II,  p.  208  (part). 
aladrama  uriruitrix  Sandager,  1889,  Trans.  New  Zealand  Inst.,  XXII,  p.  289. 

Gould,  1865,  'Handbook  Birds  Australia,'  II,  p.  483. 
elecanoidea  exsul  Buller,  190.5,  'Suppl.  Birds  New  Zealand,'  I,  p.  127  (part). 
elecanoidea  urinatrix  urinatrix  Mathews,  1912,  'Birds  Australia,'  II,  p.  234  (part). 

Mathews  and  Iredale,  1913,  Ibis,  p.  237. 
elecanoides  urinatrix  belcheri  Mathews,  1912,  Austral  Avian  Record,  I,  p.  84; 

1913.  'List  Birds  Australia,'  p.  41. 

Type  SPEaMEN. — Not  known,  but  figured  in  black  and  white  by  Forster. 

Type  LocALmr. — Queen  Charlotte  Sound,  at  northern  end  of  South  Island,  New 
ealand. 

Geographic  Range. — New  Zealand  (North  Island,  South  Island,  Stewart  Island) , 
mthcastem  Australia  (New  South  Wales,  Victoria,  South  Australia),  Tasmania, 
nd  adjacent  seas. 

General  Characters. — Differs  from  any  of  the  preceding  species  in  striking 
laracters  listed  under  the  description  of  the  subgenus.  Size  approximately  that  of 
d^eanoides  migeU^ni.    Natal  down  gray. 

Adttltb  (Sexes  alike). — Upper  parts  glossy  black;  scapulars  deep  neutral 
ray,  with  a  whitish  terminal  bar;   wings  glossy  black,  more  or  less  tinged  with 
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brownish,  especially  on  primaries;  inner  webs  of  primaries  clove-brown,  lighter  on 
under  surface;   secondaries  sometimes  narrowly  tipped  with  whitish;  under  wing- 
coverts  whitish,  more  or  less  washed  with  light  mouse-gray,  the  shafts  dark;  rectrices 
glossy  black,  fading  to  blackish  brown,  paler  on  the  under  surface;  anterior  part  of 
forehead  and  lores  suffused  with  clove-brown;  under  parts  white;  feathers  of  auricu- 
lar and  malar  regions,  and  sides  of  neck  and  breast,  deep  neutral  gray,  for  the  meet 
part  narrowly  tipped  with  white,  giving  a  somewhat  barred  appearance;   jugulum 
obscurely  mottled  with  neutral  gray,  which  sometimes  forms  an  indistinct  collar; 
axillaries  dark  mouse-gray,  tipped  with  whitish;  sides  and  flanks  washed  with  deep 
neutral  gray,  the  feathers  tipped  with  whitish;  feathers  of  tibia  dark  mouse-gray; 
down  plumules  and  aftershafts  over  entire  body  deep  mouse-gray.    Paraseptal  pro- 
cesses situated  posterior  to  the  longitudinal  center  of  the  septimi  and  not  prominently 
developed.    ''  Irides  and  bUl  black;  legs  and  feet  cobalt,  tinged  with  green,  the  webs 
bluish  white"  (Buller).    • 

AduU  Mate.— Length  (skins),  182-208  (196.6);  wing,  116-133  (122.6);  tail, 
34.5-41  (38);  exposed  culmen,  15.5-16.5  (16.2);  width  of  bill,  7.5-8.5  (8.1);  depth 
of  bill,  6.5-7  (6.8) ;  tarsus,  25-28  (26.1) ;  middle  toe  and  claw,  2^-35  (31.9).» 

AdvU  Female— Jjength  (skins),  189-212  (198);  wing,  112-123  (116.8);  Udl 
35-38(36.5);  exposed  cuhnen,  16-17  (16.4);  width  of  bill,  8-8.5  (8.1);  depth  of  bill, 
6-7.5  (6.7);  tarsus,  24-28  (25.3);  middle  toe  and  claw,  29.5-33  (31. 3). « 

Ne8TLIN(}. — "Covered  with  sooty-gray  down;  head  and  neck  nearly  bare: 
black  feathers  first  appear  on  the  wings"  (Buller). 

Specimens  Examined. — Total  number,  25,  as  follows: 

New  Zealand:  Hauraki  Gulf,  2';  Karewa  Island,  1*;  Stephens  Island, 3*;  Otago, 
1*;  near  Dunedin,  1^;  Invercargill,  l';  Foveaux  Straits,  1^;  Stewart  Island,  3*'  : 
no  specific  locality,  5.  ' '  ^ 

Tasmania,  4.' 

Locality  unknown,  3.  ''  * 

Nesting  Season. — June,  July,  .August  (Ba.ss  Strait,  Buller,  lac.  cit.,  p.  208': 
Augu.st  (White  Kock,  east  coast  of  Tasmania,  North,  lac.  cit.y  p.  376):  October, 
November,  December  (islands  of  Baas  Strait,  and  those  off  northwestern  and  southern 
Tasmania,  North,  lor.  rit.,  p.  376):  July,  August  (Mokohinou  Islands,  N.  Z.,  Sand- 
ager,  loc.  Hi.,  p.  389). 

Egg. — "The  eggs  vary  in  shape  from  oval  to  rounded  oval:  others  are  nearly  a 
tnie  ellipse  in  form,  and  some  are  somewhat  abruptly  pointed  at  one  end,  the  shell 
being  close-grained,  dull  and  lustreless.  When  newly  laid  they  are  pure  white,  but 
some  become  more  or  less  stained  and  soiled,  and  are  of  a  dirty  leaden-hue  as  they 
api)roach  the  time  of  hatching"  (North).  Average  si)ecimens  from  the  islands  in 
Bass  Strait  measure,  37.6X31.2,  40.6X30.5,  38.9X30.5,  42.4X33,  43.9X33,  43.2X 
32.5,  46.5X33.5^^  (average.  41.9X32).     Lucas  and  I^    Souef    give  the  measure- 


'Seven  specimens,  from  New  Zealand. 

'Five  speriniens,  from  New  Zealand. 

'Collection  Zool.  Mus.,  Tring. 

♦Collection  Pub.  Mus.,  Milwaukee. 

*Collertion  Carneffie  Mus. 

^Collection  Calif.  Acad.  Sci. 

^Collection  U.  S.  Nat.  Mus. 

•Collection  Brit.  Mus. 

•Collertion  Boston  Soc.  Nat.  Hist. 

loMeasuremcnts  originally  given  in  inches  and  hundredths;  here  converted  into  millimeters. 
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ments  41X31.    New  Zealand  eggs  measure  38.1X30.5^  (Portland  Island,  Buller), 
and  38.1  X  31. 7*  (Mokohinou  Islands,  Sandager). 

The  diving  petrels  of  Australia  and  Tasmania  have  been  separa- 
ted by  Mathews  under  the  name  of  Pekcanaides  unnatrix  belcheri,  the 
supposed  subspeeific  characters  being  diagnosed  as  follows:  ^* Differs 
from  P.  u.  urinatrix  in  being  smaller,  and  in  having  the  under  surface 
of  the  wings  whiter  and  the  grey  of  the  breast  not  joined  in  a  band. 
The  nostrils  are  also  larger."^  Our  examination  of  the  type  and  three 
other  specimens  in  the  Mathews  collection  (all  of  which  are  labeled 
"Tasmania'')  has  failed  to  reveal  any  essential  character  that  can  not 
be  practically  matched  in  New  Zealand  specimens.  The  average 
measurements  of  the  four  specimens  are:  length  (skins),  198.5;  wing, 
120.7;  tail,  40.2;  exposed  culmen,  16.5;  width  of  bill,  7.9;  depth  of 
bill,  6.1;  tarsus,  25.9;  middle  toe  and  claw,  31.5. 

Duller  reports  that  this  diving  petrel  is  *'very  common  in  the  seas 
surrounding  New  Zealand,  consorting  in  flocks,  and  living  on  medusse 
and  other  marine  productions.  It  is  especially  abundant  at  all  seasons 
in  the  Gulf  of  Hauraki."  He  goes  on  to  say  that  its  flight  is  rather 
labored,  consisting  of  a  rapid  fluttering  movement  along  the  surface  of 
the  water,  but  Hutton  (loc,  cii,,  p.  41)  states  that  this  description  is 
quite  in^'orrect,  and  that  the  **bird  flies  ver>'  fairly." 

BuUer's  account  continues  as  follows : 

They  swim  in  the  sea  with  the  head  much  uplifted,  and  are  very  active  on  the 
water. 

Some  years  ago,  during  a  severe  gale,  many  hundreds  of  them  were  cast  ashore 
in  the  Bay  of  Plenty,  and  it  was  observed  that  a  number  of  them  were  afflicted  with  a 
large  flat  tick  measuring  .25  of  an  inch  across  the  body  and  legs. 

The  stomach  of  one  I  opened  contained  black  comminuted  matter  and  one  or 
two  small  seeds,  apparently  of  some  kind  of  seaweed.  I  observed  that  the  skin  of  this 
bird  was  very  tough  and  thick,  the  roots  of  the  feathers  appearing  underneath  as 
in  the  Penguins  and  some  other  birds. 

The  young  birds  are  so  fat  that  it  may  truly  be  said  of  them  that  a  wick  inserted 
through  the  body  of  a  dead  one  will  burn  as  steadily  as  if  in  a  lamp! 

Mr.  Burton  found  this  Petrel  breeding  on  Stephens'  Island,  in  Cook's  Strait. 
It  abo  breeds  on  Karewa  Island  (off  Tauranga),  on  the  small  islets  of  the  Great 
Barrier,  and  on  the  "Hen  and  Chickens." 

Sandager,  writing  of  the  species  at  the  Mokohinou  Islands,  contrib- 
utes the  following  information. 

Breeds  on  three  of  the  smaller,  comparatively  low,  islands,  where  it  forms  its 
burrow  in  the  peat-like  substance,  consisting  of  light  soil  and  decayed  Mesembry- 
anthemwnf  with  which  they  are  covered.    Burrowing  commences  in  April.     In  July 


'MeMurements  oriRinally  in  inched  and  hundrodths;  here  ronvorteti  into  niillimctcni 
'1012,  Austral  Avian  Record,  I.  p.  84. 
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a  neat,  consisting  of  dry  flax,  sticks,  and  grass,  is  formed  at  the  end  of  the  burrow, 
and  a  few  of  the  earlier  birds  begin  to  lay  during  the  last  half  of  the  month,  but  most 
of  the  laying  takes  place  during  August.  The  birds,  previous  to  laying,  are  rarely 
found  in  the  burrows  during  the  day,  all  the  work  of  burrowing,  etc.,  being  carried 
on  at  night.    One  egg  only  is  laid  in  each  nest. 

Gould's  account  of  this  petrel  is  as  follows: 

I  observed  that  this  curious  httle  bird  was  very  abundant  in  Storm  Bay,  and  off 
many  parts  of  the  coast  of  Van  Diemen*s  Land.  ...  It  possesses  none  of  those  great 
powers  of  flight  common  to  the  rest  of  the  family  [i.e.,  order],  but  has  this  loss  amply 
compensated  for  by  its  powers  of  diving,  which  are  so  great  that  it  is  even  said  to 
fly  under  water.  It  thus  gives  chase  to  shrimps  and  other  small  crustaceans,  fry  of 
fish,  etc.,  upon  which  it  feeds;  and  in  turn  finds  a  destroying  enemy  in  the  Barracoota, 
a  ravenous  fish  so  called  by  the  colonists,  and  which  is  very  conunon  in  the  seas  off 
the  southern  parts  of  Australia.  Its  flight  is  a  curious  fluttering  motion,  performed  so 
close  to  the  surface  that  it  rarely  rises  high  enough  to  top  the  waves,  but  upon  being 
met  by  them  makes  progress  by  a  direct  course  through  instead  of  over  them. 

Littler  reports  that  it  breeds  on  one  of  the  islands  of  the  Kent 
group,  in  Bass  Strait. 

Buller  quotes  Mr.  A.  J.  Campbell,  who  writes : 

On  some  isolated  islets  in  Bass's  Strait,  Diving-Petrels  are  numerous.  They 
generally  remain  in  the  vicinity  of  these  rocks,  but  at  times  disappear  for  two  or  three 
months.  During  June  and  July  the  birds  come  ashore  to  scrape  out  or  prepare  their 
nest-burrows.  The  laying-season  occurs  about  the  end  of  July,  and  continues  foi 
about  a  fortnight.  Each  female  bird  deposits  one  egg  only  in  a  burrow,  which  is 
from  6  to  8  inches  deep,  under  ground  or  under  a  ledge  of  rock. 

The  information  quoted  below  is  from  North's  exhaustive  work  on 

the  nests  and  eggs  of  Australian  and  Tasmanian  birds. 

The  single  egg  of  this  species  is  deposited  at  the  enlarged  end  of  a  burrow  in  the 
earth,  or  sandy  soil,  from  one  to  two  feet  in  length;  sometimes  these  burrows  are 
branched,  and  in  them  have  been  frequently  found  pairs  of  birds.  Diving  Petrels 
were  found  breeding  on  North-east  Island  ...  in  Bass  Strait,  during  November, 
1890,  .  .  .  the  burrows  at  that  time  (containing  mostly  young  birds  nearly  fledged. 

October,  November  and  December  arc  the  usual  breeding  months  on  the  islands 
of  Bass  Strait,  and  those  off  the  North-western  coast  of  Tasmania  and  Southern 
Tasmania.  That  this  Petrel  may  breed  a  second  time,  or  possibly  another  colony 
of  birds  may  havt^  a  different  breeding  time,  is  proved  by  Mr.  Oldham  finding  it 
la>nng  in  August,  1907,  on  the  White  Rock,^  on  the  eastern  coast  of  Tasmania. 

From  the  foregoing  accounts  it  appears  that  this  di\'ing  petrel,  like 
P.  garnotij  has  a  decidedly  prolonged  or  variable  nesting  season.  It  is 
perhaps  significant,  in  this  connection,  that  these  two  forms  have  warmer 
habitats  than  any  of  the  other  diving  petrels  whose  nesting  seasons  are 
definitely  known.  It  is  natural  that  the  reproductive  season  of  the  forms 
inhabiting  the  colder  regions  should  be  more  definitely  limited  fo  the 
months  of  the  subant arctic  summer. 


'A  fresh  e«K  was  collected  at  this  place  on  August  22,  1907. 
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Pelecanoides  uriziatrix  chathamexiBis  Murphy  and  Harper 

HaLlsidromsL  urinatrix  Gould,  1865,  'Handbook  Birds  Australia,'  II,  p.  483  (part). 
Pelecanoides  herardi  Buller,  1888,  'Birds  New  Zealand,'  II,  p.  208  (part).    Forbes, 

1893,  Ibis,  p.  542. 
IPelecanoides  species  Chilton,  1909,  'Subantarctic  Islands  New  Zealand,'  II,  p.  566. 
Pelecanoides  urinsUrix  Forbes,  1893,  Ibis,  p.  541.    Buller,  1905,  'Supplement  Birds 

New  Zealand,'  I,  p.  126  (part).     Godman,  1910,  'Monogr.  Petrels,'  p.  299  (part). 
Pelecanoides  exsxd  Godman,  1910,  'Monogr.  Petrels,'  p.  304  (part). 
Pdecanoides  urinatrix  urinairix  Mathews,   1912,   'Birds  Australia,'   II,  p.  234, 

(description  and  plate) . 
Pdecstnoides  urinatrix  chathamensis  Murphy  and  Harper,  1916,  Bull.  Amer.  Mus. 

Nat.  Hist.,  XXXV,  p.  65. 

Ttpb  Specimen. — No.  151112,  U.  S.  National  Museum;  adult  male;  collected 
in  February  1893;  received  from  S.  Dannefaerd. 

Type  Locality. — Chatham  Islands. 

Geographic  Range. — Chatham  Islands,  Snares  Island,  Auckland  Islands,  and 
adjacent  waters;  probably  also  Boimty  and  Antipodes  Islands. 

Subspecific  Characters. — Similar  to  Pelecanoidea  urinatrix  urinatriXf  but 
averaging  smaller  in  practically  all  dimensions,  particularly  bill  and  wing. 

AduU  3f ate.— Length  (skins),  182-196  (186.8);  wing,  110-114  (112.4);  tail, 
34r^9  (36.5);  exposed  cuhnen,  14-16  (15.2);  width  of  bill,  7-8  (7.4);  depth  of  bUl, 
5-6.5  (6);  tarsus,  24-26  (24.9);  middle  toe  and  claw,  29.5-33  (31).^ 

AduU  Female.— Leng^  (skins),  175-187  (179.3);  wing,  109.5-116.5  (113);  tail, 
34.5-40  (37.8);  exposed  cuhnen,  14.5-15.5  (15.2);  width  of  biU,  7-7.5  (7.3); 
depth  of  bill,  6;  tarsus,  24;  middle  toe  and  claw,  29-30  (29.7). < 

Nestung. — Mesoptyle  down  mouse-gray  on  upper  surface  of  the  body,  light 
mouse-gray  beneath. 

Specimens  Examined. — ^Total  number,  21,  as  follows: 

Chatham  Islands,  17.»'  *'  ^'  « 

Snares  Island,  27 

Auckland  Islands,  2."'  ^ 

Nesting  Season. — "I  have  obtained  information  on  good  authority  of  eggn 
beiiig  collected  after  August  15th  which  contained  embryos,  and  fresh  eggs  again  in 
October"  (Seymour,  cf.  Buller,  loc.  cit.,  p.  208). 

EJgg. — "The  eggs  vary  in  form  from  oval  to  nearly  round  and  are  more  or  less 
pointed  at  one  end;  ground-color  white.  Dimensions:  35.6X29.2,  35.6X27.9, 
38.1X27.9,34.3X27.9,  35.6X29.2,  33X27.9,  38.1X28.2,  36.8X29.2,  33X27.9"* 
(Forbes,  he.  cit.,  p.  541);  average,  35.6X28.4. 

At  the  time  the  writers  described  this  subspecies,  the  small  amount 
of  material  available  showed  a  decided  diflference  in  dimcnpions  between 
Chatham  Island  birds  and  New  Zealand  birds.    While  this  diflference  is 

*Six  tpecimens:  four  from  Chatham  Tiflanda,  one  from  Snares  Island,  and  one  from  Auckland  Islands. 

Three  sperimens,  from  Chatham  Islands. 

*CollertiQ|i  Zool.  Mus.,  Trins. 

^CoUertion  Acad.  Nat.  Sci.  Phila. 

•Collection  U.  8.  Nat.  Mus. 

•Collection  Carnegie  Mua. 

'Collection  Brit.  Mus. 

*Meamirementt  converted  from  inches  and  hundreths  into  millimeters. 
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less  striking  in  the  much  larger  series  of  specimens  that  have  since  been 
examined,  it  still  appears  suflScient,  in  the  caseof  practically  all  specimens 
with  authentic  data,  to  separate  chathamensis.  It  is  noteworthy  in  this 
connection  that  a  large  proportion  of  the  indigenous  birds  of  the  Chatham 
Islands,  which  Ue  about  500  miles  east  of  New  Zealand,  have  been  found 
to  be  distinct  from  their  counterparts  of  the  latter  insular  ''mainland." 

The  diver  from  Snares  Island  and  the  smaller  of  the  two  forms  found 
at  the  Auckland  Islands  also  seem  referable  to  chathamensis.  The  smaller 
size  of  chathamensis^  as  compared  with  urinatrix,  is  apparently  correlated 
with  the  lower  mean  annual  temperature  of  the  islands  it  inhabits  and 
with  their  greater  proximity  to  the  Umit  of  floating  icebergs.  This  forai 
may  also  be  expected  on  Bounty  and  Antipodes  Islands,  where  climatic 
conditions  are  probably  intermediate  between  those  at  the  Chatham 
Islands  and  at  the  Auckland  Islands. 

The  occurrence  of  more  than  one  form  at  a  single  locaUty,  such  as  the 
Auckland  Islands,  is  very  exceptional  in  this  family.  The  distinctness  of 
Auckland  Islands  specimens  of  P.  u.  chathamensis  and  P.  exsul  may  be 
judged,  in  part,  from  the  following  average  dimensions  of  two  specimens 
of  the  former  and  three  specimens  of  the  latter,  the  measurements  of 
chathamensis  being  given  first:  length  (skins),  184.5,208.3;  wing,  110.5, 
119.8;  tail,  37.5,  38.5;  exposed  culmen,  13.7,  16;  width  of  bill,  7.2,  8.7; 
depth  of  bill,  6.2,  6.5;  tarsus,  24.7,  26.2;  middle  toe  and  claw,  29,  33.5. 
The  specimens  of  exsul  are  further  distinguished  by  bill  characters  and 
by  the  much  heavier  and  more  uniform  mottling  of  the  jugulum. 

The  Chatham  Island  diving  petrel  may  be  the  form  which  Gould 
(1844,  ^Birds  Australia')  saw  at  sea  **  about  20  degrees  to  the  eastward 
of  New  Zealand,  taking  mollusks  from  the  surface  of  the  ocean.'* 

Waite,  in  Chilton's  'Subantarctic  Islands  of  New  Zealand,'  writes  as 
follows  of  birds  seen  near  one  of  the  islands. 

...  we  found  the  water  to  be  dotted  with  little  diving-petrels.  ...  By 
repeatedly  diving  and  swimming  under  w^ater  these  little  birds  failed  to  increase 
their  distance  from  the  boat,  and  they  took  to  wing.  In  rising  from  the  water  they 
used  their  legs  with  a  paddling  action,  flew  a  short  distance  with  a  seemingly  labored 
or  erratic  flight,  and  then  dropped  on  to  the  water  at  a  supposedly  safe  distance. 

Pelecanoides  urinatrix  berarcL  (Quoy  and  Gaimard) 
Plates  XXII,  Figure  2,  XXIV,  Figure  2 

Procellaria  berard  Quoy  and  Gaimard,  1824/Voy.  Uranie,  Zool./  p.  135,  Pl.xxxvii. 
Pelecanoides  berardi  Abbott,  1861,  Ibis,  p.  164. 

Pelecanoides  gamoti  Gates,  1901,  'Cat.  Birds'  Eggs  Brit.  Mus.,'  I,  p.  161  (part). 
Pelecanoides  urinatrix  Godman,  1910,  'Monogr.  Petrels,'  p.  299  (pwirt). 
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Plelecanoidea]  tarinatrix  berard  Mathews,  1912,  'Birds  Australia,'  II,  p.  238. 

Type  Specimen. — Not  known,  but  figured  by  Quoy  and  Gaimard. 

Type  Locality. — At  sea,  near  the  Falkland  Islands. 

Geographic  Range. — Falkland  Islands  north  to  the  coast  of  the  Province  of 
Buenos  Aires,  Argentina. 

Subspecific  Characters. — Size  approximating  that  of  P.  u.  urinatrix,  but 
generally  with  smaller  bill,  longer  tail,  and  longer  middle  toe  and  claw.  The  mottling 
across  the  jugulum  is  more  pronounced  than  in  P.  u.  urinatrix,  less  pronounced  than 
in  P.u.  dacunhspj  and  not  so  dense  and  extensive  as  in  P.  er.sul. 

Iris  brown,  bill  black,  feet  blue  with  blackish  webs  (R.  H.  Beck,  lal>el). 

AduU  3faZ€.— Length  (skins),  195-227  (208.2);  wing,  117.5-125.5  (121.1); 
tail,  39.5-46  (42.7) ;  exposed  culmen,  15-16  (15.5);  width  of  bill,  7-8  (7.4) ;  depth  of 
bill,  6-6.5  (6.2);  tarsus,  24.5-27  (25.7);  middle  toe  and  claw,  32-36.5  (33.4). ^ 

AduU  Fcmate.— Length  (skins),  198-201  (199.3):  wing,  117-123  (120.5);  tail, 
40-44  (41.5);  exposed  cuhnen,  15.5-16  (15.7);  width  of  biU,  7.5-8  (7.7);  depth  of 
bill,  6;  tarsus,  25-25.5  (25.2);  middle  toe  and  claw,  32-33  (32.5).* 

Nestling. — Not  seen. 

Specimens  Examined. — Total  number,  12,  as  follows: 

Falkland  Islands:  Kidnev  Island,  5^'  ^;  Cuchon  Island,  l';  no  specific  locaUty, 
5.* 

Argentina:  offshore,  between  San  Mathia  and  Necochea,  1.*^ 

Nesting  Season. — Sitting  on  egg  in  November  (R.  H.  Beck,  label). 

Egg. — ^Two  collected  at  Kidney  Island,  in  November  1915,  are  respectively 
rounded  ovate,  or  almost  subspherical,  and  elliptical  ovate;  white,  lusterless;  meas- 
urements, 35.2X31,  38.8X29.5  (average,  37X30.3).  Average  volume  of  the  two, 
16.7  cubic  centimeters. 

Under  the  name  P.  garnotif  Oates  {loc.  ctt.,  p.  161)  records  two  eggs  from  the 
Falkland  Islands  and  one  from  Kerguelen.  The  dimensions  for  the  three  are  39.4  X 
30.9;  39.4X31.75,  and  40.9X33,  but  unfortunately  the  author  does  not  designate 
the  Falkland  specimens. 

It  was  only  after  the  writers  had  long  been  familiar  with  large  series 
of  specimens  of  P.  garnotif  P.  magellaniy  and  P,  georgicu^^^  representing, 
respectively,  the  subgenera  Puffinuriay  Porthmornis,  and  Pelagodyptes, 
that  they  eventually  had  access  to  a  few  specimens  from  the  Falkland 
Islands  and  from  the  coast  of  Chile  at  about  latitude  50°  S.  It  was  then 
a  matter  of  no  small  surprise  to  ascertain  that  the  birds  from  these  locali- 
ties represented  two  forms  of  the  P.  urinatrix  group  (P.  m.  herard  and 
P.  ti.  coppingeri)y  subgenerically  distinct  from  all  their  nearest  neigh- 
bors. Thus  all  four  subgenera  of  Pelecanoididae  are  found  in  the  Western 
Hemisphere,  whereas  only  two  subgenera,  represented  by  three  species, 
are  known  from  the  Old  World. 


*Four  specimens. 
Three  tperimens. 
*Brewtter-Sanford  Collection. 
H>>nertion  Brit.  Mub. 
K>>llection  Amer.  Mub.  Nat.  Hist. 
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the  manure-like  humus  around  the  nest,  he  managed  to  obtain  a  photo- 
graph of  the  sitting  bird.  The  entrance  to  the  nest  was  under  a  slab  of 
rock,  but  the  tunnel  twisted  about  for  three  feet  and  ended  in  an  en- 
larged chamber  which  was  lined  with  a  few  dry  blades  of  tussock  grass. 
On  November  18  he  captured  three  more  diving  petrels  in  their  nests  on 
Badney  Island.  He  discovered,  moreover,  that  abandoned  Pelecanoides 
burrows  are  used  as  nesting  sites  by  the  small,  dendrocolaptid  "tussock- 
bird"  (Cindodes), 

On  December  16,  at  Sea  Lion  Island,  Mr.  Beck  found  the  foot  and 
leg  of  a  diving  petrel  within  the  stomach  of  a  short-eared  owl  (Asia 
flammeus  sanfordi  Bangs). 

Pelecanoides  urinatriz  dacunlia  Nicoll 

PeUcanoiden  urinatriz  Verrill,  1895,  Trans.  Connecticut  Acad.,  IX,  part  2,  p.  449 

(part).  Clarke,  1905,  Ibis,  p.  264;   1913,  *Rep.  Sci.  Results  Voy.  Scotia,'  IV, 

part  14,  sect.  IX,  p.  286. 
PeUearundes  dacunhe  Nicoll,  1906,  Bull.  B.  O.  C,  XVI,  p.  103;  1906,  Ibis,  p.  674; 

1909,  'Three  Voyages  of  a  Naturalist,'  2d  Ed.,  pp.  xv,  xxix. 
Pelecanoides  exsul  Godman,  1910,  'Monogr.  Petrels,'  p.  304  (part). 
P  [elecanoides]  urinairix  dacunhx  Mathews,  1912,  *  Birds  Australia,'  II,  p.  238. 

Type  Specimen.^ — No.  1906.  12.  21.  58,  British  Museum;  adult  female;  col- 
lected Januar>'  17, 1906,  by  M.  J.  Nicoll. 

Type  Locality. — The  shore  waters  of  the  island  of  Tristan  da  Cunha. 

Geographic  Range. — Tristan  da  Cunha,  Gough  Island  (?),  and  adjacent  waters. 

SuBSPECiFic  CHARACTERfi. — Apparently  most  closely  allied  to  P.  u.  herard^  but 
with  generally  smaller  dimensions.  Feathers  of  cheeks,  sides  of  ne<rk,  and  jugulum 
with  conspicuous,  dark  brownish  shafts. 

Adult  Female.* — Upper  parts  glossy  black,  largely  faded  and  worn  to  dull  black- 
ish brown;  scapulars  grayish  white,  with  broad  subterminal  band  of  deep  neutral 
gray,  darker  on  outer  web;  scapulars  more  or  less  overlaid  and  concealed  by  dark 
interscapulars;  wings  glossy  black,  largely  faded  and  worn  to  blackish  brown, 
especially  on  the  primaries;  a  faint  indication  of  light  edging  to  secondaries,  but 
practically  lost  through  wear;  under  wing-coverts  white,  strongly  washed  with  deep 
neutral  gray,  the  shafts  of  the  feathers  dark  for  practically  their  entire  length: 
rectrices  blackish  brown,  with  a  slight  gloss,  and  paler  on  under  surface;  lores  and 
anterior  part  of  forehead  suffused  with  clove-brown;  under  parts  white;  cheeks  and 
sidc^  of  neck  deep  neutral  gray,  the  feathers  narrowly  tip()ed  with  white;  this  gray 
mottling  extending  across  the  jugulum,  though  faint  in  the  middle;  feathers  of  the 
mottled  parts  (cheeks,  sides  of  neck,  and  jugulum)  with  conspicuous,  dark  brownish 


*Th«  original  describer  did  not  denitrnate  a  tyi>e  specimen  but  used  as  cotypes  two  adult  fcmalea 
in  the  British  Museum,  both  roller  tcHi  at  Tristan  da  Cunha  on  Januar>-  17,  IWHh.  We  find,  however, 
that  the  label  of  No.  1006.  12. 21.  ."jH  is  marked  "  Type."  and  accordingly  we  hereby  designate  this  nper- 
imen  as  the  type. 

'Description  of  the  type,  which  is  in  worn  and  faded  plumage. 
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shafts  (these  being  especially  prominent  in  the  cotype;  likewise  evident,  but  not  so 
striking,  in  herard) ;  axillaries^  sides,  and  flanks  strongly  washed  (or  broadly  banded) 
with  deep  neutral  gray,  the  feathers  with  conspicuous  blackish  shafts;  feathers  of 
tibia  deep  mouse-gray;  down  plumules  and  aftershafts  mouse-gray.  Paraseptal 
processes  situated  posterior  to  the  longitudinal  center  of  the  septum.  "  Bill  black,  ft 
blue  streak  on  upper  mandible  at  gape;  tarsi  and  toes  bright  blue,  webs  blackish.'^' 

Adult  Female.— Length  (skins),  202-204  (203);  wing,  108-113  (110.5);  tail,  36.5- 
37(36.7);  exposed  culmen,  15.5  16.5  (16);  width  of  bill,  7;  depthof  bill,  5-5.5  (5.2); 
tarsus,  24;  middle  toe  and  claw,  29-31  (30).^ 

Nestlincj. — Not  seen. 

Specimens  Examined. — Total  number,  2,*  both  from  Tristan  da  Cunha. 

Nesting  Season. — A  single  egg  from  Gough  Island  was  collected  between  Sep- 
tember and  January. 

Egg.— 40X29.5*(Gough  Island). 

Most  of  our  information  concerning  this  little-known  form  of  Pele- 
canoides  is  contained  in  the  following  accomit  by  NicoU.^ 

The  most  interesting  birds  which  we  saw,  however,  were  some  diving  petrels, 
which  proved  to  belong  to  a  species  not  hitherto  recorded  from  Tristan  da  Cunha. 
Superficially  these  petrels  resemble  the  diving  petrel  of  the  Straits  of  Magellan, 
but  they  are  somewhat  smaller  and  have  a  much  greater  power  of  flight.  On  several 
occasions  I  saw  them  rise  ofT  the  water  and  fly  away  out  of  sight,  whereas  those  found 
in  the  Magellan  Straits  drop  into  the  water  after  a  flight  of  about  fifty  to  one  hundred 
yards.  The  Tristan  da  Cunha  diving  petrels  are  constantly  exposed  to  rough  weather 
and  breaking  waves,  and  in  consequence  have  to  take  wing  continually  to  avoid  being 
drowned,  and  this  fact  may  account  for  their  greater  powers  of  flight. 

They  were  met  with  soon  after  we  left  the  yacht,  and  became  more  numerous  as 
we  approached  the  land.  Half  a  mile  from  the  shore  they  were  on  all  sides  of  us,  and 
appeared  continually  close  to  the  boat,  when  instead  of  diving  they  at  once  took  to 
flight,  and  passed  away  at  a  great  speed. 

It  is  perhaps  significant  that  Mrs.  K.  M.  Barrow*  makes  no  refer- 
ence to  this  species  in  a  list  of  birds  observed  by  her  during  a  long  resi- 
dence at  Tristan.  Nicoll's  statement  that  the  island  is  over-run  with 
rats  suggests  the  possibility  that  the  burrowing  Pelecanoides  have  been 
forced  to  confine  their  nesting  to  some  of  the  neighboring  and  unin- 
habited islands  of  the  Tristan  group.    (Cf.  P.  georgicus,  p.  523.) 

The  specimen  taken  by  the  ^ Scotia^  expedition  off  Gough  Island, 
250  miles  distant  from  Tristan,  probably  belongs  to  the  same  form. 


>Nicoll.  notation  on  label  of  the  type.  W.  Eagle  Clarke  (Ibis,  1906,  p.  264)  8tat«i  of  a  Gough 
Island  specimen  that  "  the  tarsus  and  toes  in  life  arc  cobalt-blue  and  the  webs  and  claws  black." 

*Two  specimens.  The  tjijc  has  the  smaller  measurements  in  wing,  culmen,  depth  of  bill,  and  middle 
toe  and  claw. 

'Collection  Brit.  Mus. 

♦Converted  into  millimeter?*  from  Verrill's  measurements  in  inches.  An  "egg  from  Gough  Island, 
marked  'supposed  to  be  a  diver,'  measures  1.57X1.16,"  (Verrill).  The  width  is  copied  by  mistake  as  1.6 
inches  bv  Clarke  (Ibis.,  loc.  cit.,  and  Rep.  Sci.  Result* '  Scotia,'  loc.  cit.). 

»ia()9.  'Three  Voyages  of  a  Naturalist.'  pp.  67,  68. 

•IQlO.Threc  Years  in  Tristan  da  Cunha,  p.  275. 
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The  measurements  of  the  egg  secured  on  Gough  Island  by  Comer  would 
not  be  likely  to  apply  to  the  egg  of  any  bh*d,  other  than  a  Pelecanoides, 
that  nests  there. 

Pelecanoides  urinatrix  coppingeri  Mathews 

Pelecanoides  urinatrix  Salvin,  1896,  *Cat.  Birds  Brit.  Mus.,'  XXV,  p.  437  (part). 

GoDMAN.  1910,  'Monogr.  Petrels,'  p.  299  (part). 
Plelecanoides]  urinatrix  coppingeri  Mathews,  1912,  'Birds  Australia,'  II,  p.  238. 

Type  Specimen.* — No.  80.8.3.30,  British  Museum;  adult  female;  collected 
October  16,  1879,  by  Dr.  R.  W.  Coppinger. 

Type  Locality. — Cockle  Cove,  Pilot  Island,  Trinidad  Channel,  Chile  (latitude 
60**  5'  S.,  longitude,  75**  3'  W.).* 

Geographic  Range. — Known  definitely  only  from  Cockle  Cove,  Trinidad 
Channel,  and  Cove  Harbor,  Messier  Channel,  Chile. 

SuBSPECiFic  Characters. — ^Apparently  nearest  to  P.  u.  herardy  but  averaging 
smaller;  scarcely  any  trace  of  mottling  across  the  jugulum,  as  in  berard  and  dacunhse. 

AduU  (Male?). — Length  (skin),  193;  wing,  116;  tail,  41;  exposed  culmen,  16; 
width  of  biU,  7;  depth  of  bill,  6;  tarsus,  25;  middle  toe  and  claw,  31.* 

AduU  Female— Length  (skins),  165-206  (185.5);  wing,  106-111  (108.5);  tail, 
36-38  (37);  exposed  culmen,  15.5-16  (15.7);  width  of  bill,  7;  depth  of  bill,  5.5; 
tarsus,  25-25.5  (25.2);  middle  toe  and  claw,  31.* 

Nestling. — Not  seen. 

Specimens  Examined. — Total  number,  4,*  as  follows: 

Chile:  Cove  Harbor,  Messier  Channel,  2;  Cockle  Cove,  Trinidad  Channel,  1; 
(?  'Strait  of  Magellan,'  1). 

Nesting  Season. — Unknown. 

Egg. — Not  seen. 

The  distribution  of  this  diving  petrel  is  interesting.  It  is  evidently 
a  subspecies  of  the  P.  urinatrix  group,  being  not  easily  separable  from 
berard.  Yet  between  the  known  ranges  of  the  two  forms  Ues  almost  the 
entire  habitat  of  P.  magellani.^  P.  u.  coppingeri^  in  turn,  seems  to 
occupy  an  area  intermediate*  between  the  ranges  of  P.  gamoti  and  P, 
magellani.  Except  for  the  occurrence  of  both  P.  u,  coppingeri  and  P. 
nutgellani  in  the  Trinidad  Channel,  the  ranges  of  the  four  subgenera 
of  Pelecanoides  are  apparently  quite  distinct. 

It  is  rather  probable  that  the  range  of  the  present  form  extends  to 
the  northern  Umit  of  the  inland  waterways  of  Chile,  or  to  about  latitude 


>Not  dencnjited  in  the  original  description,  but  in  a  letter  from  Mr.  Mathews  to  the  senior  writer. 

*Tbe  localitv  g:iven  on  the  label  is  "  Cockle  Cove,  Magellan."  Apparently  in  Dr.  Coppinger's  tim« 
Um  name  Ma^eOan  was  loosely  applied  to  a  much  larger  region  than  nowadays. 

'One  specimen. 

*Two  specimens. 

■Collection  Brit.  Mus. 

^Whether  the  specimen  from  the  "Strait  of  Magellan"  came  actually  from  the  strait  itself,  is  rot 
d«€«rminable.  (Cf.  foot-note  2,  above.)  Moreover,  it  might  be  referred  almost  as  readily  to  one  as  to 
the  other  of  the  two  very  similar  forms,  bertrd  and  coppingeri. 


544  BuUeHn  American  Muaeum  of  Ntdural  Huiory  [Vol.  XLIV 

41^  40'  S.    Darwin's  record  of  diving  petrels  in  the  Chonos  Archipelago 

has  already  been  mentioned  (p.  516).    It  may  likewise  be  assumed  that 

the  following  notes  from  Mr.  Beck's  journal  refer  to  coppingeri. 

Early  July,  1914.  Diving  petrels  common  between  Ancud  and  Puerto  Montt, 
Gulf  of  Chacao,  Chile.  A  few  seen  later  in  the  Pacific  about  thirty  miles  off  Guamblin 
Island  (44**  45'  S.),  and  again  off  the  Gulf  of  Penas  (47^  30'  S.). 

Pelocanoides  ezsul  Salvin 

Pdecanoidea  urinatrix  Coueb  and  Kidder,  1875,  BuU.  U.  S.  Nat.  Mus.,  No.  2,  p.  36. 
Kidder  and  Coues,  1876,  idem,  No.  3,  p.  17.    Salvin,  1881,    'Challenger 
Reports,  Zool.,'  II,  part  2,  p.  146.   Wyville  Thomson,  1885,  editor,  'ChaUenger 
Reports,  Narrative,'  I,  part  1,  p.  350.     Moseley,   1892,  'Notes  Naturalist 
Challenger,'  p.  181.    Verrill,  1895,  Trans.  Connecticut  Acad.,  IX,  part  2,  p. 
449.   Gates,  1901,  *Cat.  Birds'  Eggs  Brit.  Mus.,'  I,  p.  161. 
Pelecanoidea  exsul  Salvin,  1896,  *  Cat.  Birds  Brit.  Mus.,  'XXV,  p.  438.    Hall,  1900. 
Ibis,  p.  30.    Wilson,  1907,  *Nat.  Antarct.  Exp.,  Zool.,'  II,  part  2,  p.  107.    God- 
man,  1910,  'Monogr.  Petrels,'  p.  304  (part). 
Plelecanoides]  urinatrix  exsid  Mathews,  1912,  'Birds  Australia,'  II,  p.  238. 
Diver,  Du  Baty,  1912, '  Fifteen  Thousand  Miles  in  a  Ketch,'  p.  180. 

Type  Specimen. — Not  designated,  but  in  the  collection  of  the  British  Museum. 
Type  Localiti'. — Here  fixed  at  Kerguelen  Island.^ 

Geographic  Range. — Crozet  Islands,  Kerguelen  Island,  Auckland  Islands,  and 
waters  adjacent  to  each.  « 

General  Characters. — Distinguished  from  all  forms  of  P.  urinatrix  by  the 
following :  average  greater  width  of  bill ;  mandibular  rami  not  quite  so  nearly  parallel; 
anterior  ends  of  gnathidia  turned  inward  more  at  lower  edge,  bringing  the  tips  of 
these  elements  closer  together  at  the  symphysis,  and  disclosing  their  surfaces  more 
broadly  to  view  from  the  ventral  aspect;  jugulum  more  heavily  and  distinctly  mottled 
with  deep  neutral  gray. 

Adults  (sexes  alike). — Upper  parts  glossy  black;  scapulars  deep  neutral  gray, 
with  a  whitish  terminal  bar;  wings  glossy  black,  more  or  less  tinged  with  brownish, 
especially  on  primaries ;  inner  webs  of  primaries  clove-brown,  lighter  on  under  surface: 
secondaries  narrowly  tipped  with  whitish;  under- wing-coverts  whitish,  more  or  less 
washed  with  light  mouse-gray,  the  shafts  dark;  rectrices  glossy  black,  fading  to  black- 
ish brown,  paler  on  the  under  surface, .  and  the  worn  tips  with  a  trace  of  whitish; 
anterior  part  of  forehead  and  lores  suffused  with  clove-brown;  under  parts  white: 
feathers  of  auricular  and  malar  regions,  and  sides  of  neck  and  breast,  deep  neutral 
gray,  for  the  most  part  tipped  with  white;  this  mottling  extending  completely  acros? 
the  jugulum,  and  becoming  only  slightly  less  distinct  in  the  middle;  axillaries  mouse- 
gray  ;  sides  and  flanks  washed  with  deep  neutral  gray,  the  feathers  tipped  with  whitish 
and  the  shafts  dark;  feathers  of  tibia  mouse-gray;  down  plumules  and  aftershaft.^ 
over  entire  body  mouse-gray.  Paraseptal  processes  situated  posterior  to  the  longitu- 
dinal center  of  the  septum  and  not  prominently  developed.    "Bill  generally  black: 

^Godman  ('Mono^.  Petrols,'  p.  304)  remarks:  "Salvin  gives  no  dimensions,  so  I  have  not  been  able 
to  doterniine  from  which  specimen  in  the  British  Mu::«eum  his  description  was  taken,  but  I  hav?  no 
doubt  that  it  was  from  a  Kerguelen  example;  he  also  includes  the  birds  from  the  Croset  Islands  under 
the  heading  of  P.  exsul." 
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lavender-blue  at  quadrate  basal  portion  of  lower  mandible.  Iris  ash-colored;  not 
visible  during  life,  when  only  the  black  pupil  appears.  Tarsus  and  foot  lavender- 
blue"  (Kidder). 

AduU  Afaic.— Length  (skins),  189-251  (213.8);  wing,  118-121.5  (119.7);  tail, 
35-40.5  (38.2);  exposed  cuhnen,  15.5-17  (16.2);  width  of  bill,  8.5-9.5  (8.9);  depth 
of  bill,  6.5-8  (7.1);  tarsus,  26-27  (26.4);  middle  toe  and  claw,  30.5-36  (33.2).^ 

AduU  FemaU.—Jjength  (skins),  205-218  (211.5);  wing,  118.5-121  (119.7);  taU, 
35.5-39.5  (37.5);  exposed  culmen,  16;  width  of  bill,  9;  depth  of  bill,  6-7  (6.5); 
tarsus,  26-26.5  (26.2);  middle  toe  and  claw,  32-33  (32.5).* 

Nestung. — Mesoptyle  down  light  mouse-gray. 

Specimens  Examined. — ^Total  number,  28,  as  follows: 

Crozet  Islands,  3.*'* 

Kerguelen  Island,  20.*'  *'  * 

Auckland  Islands,  3.''  ^ 

Locality  unknown,  2.*'  * 

Nesting  Season. — October  to  February. 

Egg. — "White,  with  a  few  red  specks  at  one  end"  (Moseley).  "Regular  ovoid, 
tending  in  some  specimens  to  eUipsoidal.  .  .  Shell  is  white,  thin,  brittle,  compact, 
and  homogeneous  in  structure.  No  color-markings"  (Kidder  and  Coues).  Size^ 
41X29.2,  41X32.2,  42X32,  41.9X31.7  (Kidder);  average  of  4,  41.5X31.3.  Verrill 
gives  the  dimensions  of  two  as  38.5-39X31 — 32,  and  states  that  the  "shell  is  thin, 
friable,  and  rather  smooth,  but  shows  shallow  depressions  under  the  lens.  The  shape, 
in  one,  is  an  almost  perfect,  but  very  broad,  ellipsoid;  the  other  is  also  very  broad 
but  tends  somewhat  to  the  ovate  form.  The  color  is  creamy  white,  iquch  stained  (by 
contact  with  the  earth?)  with  dirty  yellowish."  Gates  records  the  measurements  of 
eight  specimens  as  follows:  33-39X28-33. 

Considerable  doubt  and  confusion  have  existed  regarding  the  status 
of  this  diving  petrel,  even  after  it  was  described  by  Salvin  as  a  distinct 
species.  A  long  and  careful  study  of  the  subject  has  led  us  to  concur  with 
Salvin  in  according  specific  rank  to  exsiU.  This  decision  is  based  not 
only  upon  the  rather  slight  but  doubtless  significant  diflferences  of  plum- 
age and  bill  structure  between  this  form  and  P.  urinatriXy  as  pointed  out 
above,  but  also  upon  the  fact  that  both  P.  exsul  and  P.  u.  chathamensis 
occur  on  a  compact  group  of  small  islands,  the  Auckland  Islands.  In 
the  light  of  the  modern  conception  of  the  subspecies,  it  would  be  ex- 
tremely difficult,  not  to  say  impossible,  to  account  for  the  presence  of 
both  of  these  birds  on  the  Auckland  Islands  if  they  were  no  more  than 
subspecifically  distinct. 

The  range  of  exsul^  with  its  narrow  latitudina*  confines  and  its  great 
longitudinal  extension  from  the  Crozet  Islands  to  the  Auckland  Islands, 


>Hix  ipe  imeiiB.  from  Kerguelen. 

ST  wo  0p«oimen>,  from  Kerguelen. 

"Collection  Brit.  Mus. 

^Collection  Zool.  Mub.,  Tring. 

•Collection  U.  S.  Nat.  Mub. 

•Collection  J.  H.  Fleming. 

'All  meuurements  originally  in  inches;  here  converted  into  uullimet«n. 
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is  somewhat  analogous  to  that  of  P.  georgicus.  The  narrow  strip  of 
subantarctic  seas  which  it  occupies  is  evidently  intermediate  between 
corresponding  strips  on  the  north  and  south  occupied,  respectively,  by 
various  forms  of  P.  urinatrix  and  by  P.  georgicus.  So  far  as  known,  the 
Auckland  Islands  are  the  only  land  area  where  the  range  of  eocsul  over- 
laps that  of  another  species. 

The  diving  petrel  is  one  of  the  most  abundant  breeding  birds  at 
Kerguelen  Island,  making  its  nest  biurow  beneath  the  mounds  of  an 
umbelliferous  plant  (Azorella  selago)  that  grows  in  dense  masses  on  the 
hillsides.  Dr  Kidder  found  it  to  be  one  of  the  two  species  most  com- 
monly seen  and  heard  at  night,  the  other  being  Halobaena.  The  note  of 
the  Pelecanoides,  writes  Kidder, 

is  somewhat  similar  to  the  mew  of  a  cat,  with  a  marked  rising  inflection  of  sound. 
The  bird  cannot  rise  from  level  ground  in  flight,  but,  once  in  the  air,  flies  strongly  and 
rapidly,  with  a  rapidly  fluttering  motion  of  the  wings,  very  like  the  flight  of  the  com- 
mon English  sparrow.  It  burrows  in  the  same  localities  as  Halcbaenst,  digging  less 
deeply  and  making  fewer  turns  in  its  burrow,  and  seems  to  remain  therein  during  tbe 
day,  being  exclusively  nocturnal  in  its  habits  when  near  its  nest.  Lays  one  eggi  bs 
large  as  a  pigeon's,  white,  and  not  sharply  pointed;  first  found  by  me  December  10. 
I  did  not  succeed  in  finding  any  young  up  to  January  10,  the  date  of  our  departure. 

Du  Baty  records  his  impressions  of  the  voice  of  Kerguelen  diving 

petrel  in  the  following  words. 

The  diver  is  another  night  bird,  and  it  has  a  peculiar  cry  like  the  mewing  and 
miauling  of  a  cat.  There  were  times,  as  I  stood  on  deck  in  the  night  watch  listenisg 
to  this  bird,  when  I  could  almost  have  believed  that  I  was  back  in  Paris  in  a  room 
under  the  attics  where  the  cats  were  on  the  prowl  and  indulging  in  their  witches' 
chorus. 

The  *  Challenger'  naturalists^  record  the  following  observations 

on  this  petrel. 

It  is  to  be  seen  on  the  surface  of  the  water  in  Royal  Sound  [Kerguelen  Island] 
when  the  water  is  calm,  in  very  large  flocks.  On  two  days  [in  January]  when  excur- 
sions were  made  in  the  steam  pinnace,  the  water  was  seen  to  be  covered  with  these 
birds  in  flocks,  extending  over  acres,  which  were  black  with  them.  The  habits  of 
the  northern  Little  Auk  are  closely  similar  to  those  of  this  bird;  so  close  is  the  re- 
semblance, that  the  whalers  have  transferred  one  of  their  familiar  names  for  the 
Little  Auk  to  the  Diving  Petrel.  These  Petrels  dive  with  extreme  rapidity,  and  when 
frightened,  rise,  flutter  along  close  to  the  water,  and  drop  and  dive  again;  it  is  a  curi- 
ous sight  to  see  a  whole  flock  thus  taking  flight.  The  birds  breed  in  enormous  quanti- 
ties on  the  islands  in  Royal  Sound,  making  holes  in  the  ground  like  the  Prions;  they 
are  readily  attracted  by  a  light,  and  some  were  caught  on  board  through  coming 
to  the  ship's  lights.    The  single  egg  is  white,  with  a  few  red  sp>ecks  at  one  end. 

^  Moseley  and  others. 
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The  statement  that  there  are  "red  specks*'  at  one  end  of  the  egg 
would  seem  to  be  an  error,  for,  although  recorded  on  the  authority  of 
that  most  observant  and  scrupulous  naturalist,  Professor  Moseley,  it  is 
at  variance  with  the  testimony  of  all  others,  both  with  regard  to  this 
species  and  to  diving  petrels  in  general. 

Hall  found  this  bird  common  at  Kerguelen  in  the  summer  season  of 
1897-1898,  and  collected  specimens  by  exposing  the  ship's  light  on  dark 
nights. 

Dr.  Wilson,  who  lost  his  life  with  Scott  after  the  discovery  of  the 

South  Pole,  has  recorded  the  following  excellent  description  of  the  flight 

of  the  diving  petrels  which  he  observed  in  the  southern  Indian  Ocean 

to  122°  east  and  as  far  south  as  51°. 

In  mid-ocean  one  may  see  a  small  petrel,  quite  alone,  flying  fast  and  straight 
cloee  over  the  wave-tops,  until  suddenly,  like  a  stone,  it  disappears  into  the  water. 
If  the  sea  is  particularly  calm,  it  may  be  seen  that  its  wings  flap  rapidly  for  three  or 
four  strokes,  then  follows  a  quick  short  sail,  the  bird  seldom  rising  more  than  a  foot 
or  two  from  the  surface  of  the  water.  Its  flight  seems  to  be  hurried  and  in  a  straight 
line,  coming  to  an  abrupt  termination  as  the  bird  dips.  It  is  not  easy  to  observe  at 
sea,  but  its  flight  is  so  peculiar  that  it  cannot  well  be  mistaken  for  any  other  form  of 
petrel. 

GENERAL  DISCUSSION  OF  THE  EVOLUTION  AND  DISTRIBUTION 

OF  THE  PELECANOIDID^. 

The  taxonomy  of  minor  groups  remains  largely  a  matter  of  opinion, 
and,  in  preparing  the  foregoing  sections  of  this  paper  on  a  little-known 
family  of  birds,  the  writers  have  regarded  the  presentation  of  ordered 
facts  as  of  greater  moment  than  the  construction  of  a  new  system  of 
classification.  We  trust  that  our  descriptive  data,  based  in  the  main 
upon  large  series  of  specimens,  have  at  least  been  made  communicable; 
that  they  may  be  used  and,  if  necessary,  reinterpreted  by  lat«r  workers. 
If  we  have  succeeded  in  discovering  and  recording  essential  facts  of  the 
morphology,  life  history,  and  distribution  of  the  birds,  the  particular 
systematic  rank  that  we  have  ascribed  to  each  of  the  several  divisions  of 
the  Pelecanoididse  is  at  best  of  secondary  importance. 

We  believe,  nevertheless,  that  our  classification  dividing  the  single 
genus  of  this  small  family  into  four  subgenera,  and  one  of  the  latter  in 
turn  into  two  species  and  five  subspecies,  is  in  harmony  with  the  actual 
conditions  of  structural  and  genetic  relationship.  This  does  not  imply 
that  the  various  subspecies,  species,  or  subgenera,  as  the  case  may  be, 
have  precisely  equal  value,  because  nature  is  seldom  uniform  and  con- 
ventional. Of  the  geographical  races  of  Pelecanoides  urinairiXy  for  in- 
stance, dacunhXy  berardy  and  coppingeri  are  clearly  more  sharply  marked 
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oflf  from  the  typical  subspecies  than  is  chathamensis;  and  yet  none  of  the 
former  has  attained  sufficient  divergence  to  raise  it  to  the  grade  of  species. 
In  the  case  of  dacunhaey  berard,  and  coppingeri  we  may  assimie  that  com- 
plete geographic  isolation  has  been  an  important  asset  to  the  evolutional}' 
processes  that  have  so  markedly  dififerentiated  these  three  forms  from 
other  representatives  of  the  urinatrix  group,  while  similarity  of  the  sub- 
antarctic  life  environment  has  at  the  same  time  tended  to  keep  all  the 
races  fairly  uniform.  Of  the  opposing  factors — one  centrifugal,  the  other 
centripetal — it  may  be  conjectured  that  the  former  would  ultimately 
gain  the  upper  hand  and  fashion  full  species  out  of  races  which  may  now 
be  considered  incipient  species. 

Figure  7  shows  that  the  circumpolar  distribution  of  the  Pelecanoidi- 
dsB,  excepting  only  P.  garnotiy  is  confined  within  a  belt  bounded  by  the 
35th  and  60th  parallels  of  south  latitude.  Excluding  again  the  range  of 
garnotij  practically  all  the  regions  inhabited  by  diving  petrels  are  char- 
acterized by  tempestuous  weather,  a  high  scale  of  cloudiness,  and  heav}' 
precipitation.  All  the  habitats,  even  that  of  the  tropical  garnotij  are 
situated  in  relatively  cold  oceans  in  which  the  annual  variation  in  sur- 
face temperature  nowhere  exceeds  6.6°  C.  Furthermore,  the  shores  of  all 
the  breeding  grounds  are  bathed  by  effluents  of  the  Antarctic  Drift, 
only  slightly  tempered,  in  a  few  instances,  by  warm  counter  currents. 

In  longitudinal  extent  the  range  of  the  species  Pelecanoides  urinatrix, 
as  may  be  seen  on  the  map,  is  practically  as  great  as  that  of  the  whole 
family,  but  it  is  proportionately  more  restricted  in  its  breadth  noithand 
south.  The  known  range  of  urinatrix  lies,  for  example,  entirely  outside  of 
the  extreme  limit  of  pack-ice.  The  mean  annual  temperature  of  the  atmo- 
sphere at  the  breeding  grounds  of  the  geographical  races  of  urinatrix 
varies  from  5.5°  C.  at  the  Falklands  to  10°  C.  on  the  coast  of  Tasmania. 

At  South  Georgia,  which  lies  within  the  limit  of  pack-ice,  and  at  Mac- 
quarie  Island,  the  meteorological  conditions  are  distinctly  more  severe 
than  at  any  of  the  islands  inhabited  by  uriiiatriXy  and  the  summer 
temperature  is  notably  lower.  The  climate  is,  in  some  respects, 
polar  rather  than  subantarctic,  the  mean  annual  temperature  at  South 
Georgia  being  below  1.5°  C.  Pelecanoides  georgicus  is  therefore  endemic 
in  a  more  inclement  zone  than  any  part  of  the  known  range  of  P.  urinatrix. 
In  view  of  this,  determination  of  the  status  of  the  diving  petrel  of  Bouvet 
Island,  where  a  representative  will  almost  certainly  be  found,  and  of 
that  of  the  South  Sandwich  Islands,  where  a  resident  form  may  be  looked 
for  with  only  slightly  less  confidence,  can  not  fail  to  prove  of  extra- 
ordinary interest.  In  fact,  the  accompanying  map  (Fig.  7)  seems  to  show 
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such  a  remarkable  correlation  between  the  distribution  of  the  diving 
petrels  on  the  one  hand  and  temperature,  latitude,  and  the  geographical 
limits  of  floating  polar  ice  on  the  other,  that  future  discoveries  at  islands 
not  yet  ornithologically  investigated  may  serve  to  put  this  apparent 
correlation  to  a  conclusive  test.  If  resident  diving  petrels  occur  at  some 
of  the  unknown  or  Uttle-known  subantarctic  islands  and  if  our  present 
ideas  upon  the  distribution  of  the  group  are  substantially  correct,  the 
affinities  of  the  unknown  birds  at  the  respective  islands  should  prove 
to  be  specifically  as  follows: 

Gough,  Amsterdam,  St.  Paul,  Bounty,  and  possibly  Antipodes 
Islands.    P.  urinairix. 

Prince  Edward  and  Marion  Islands.    P.  exsul. 

Campbell,  Emerald,  McDonald,  Heard,  Lindsay  (or  Bouvet),  South 
Sandwich,  and  Dougherty  Islands.    P.  georgicus. 

It  is  at  least  gratif3ring  to  feel  that  an  hypothesis  of  geographical 
distribution  may  be  empyrically  confirmed  or  eliminated. 

The  only  alternative  to  accepting  the  theorj'^  of  an  isothermal  type 
of  distribution  of  the  insular,  subantarctic  diving  petrels,  as  now  known, 
is  to  assume  that  the  resident  birds  of  such  widely  separated  localities 
as  South  Georgia  and  Macquarie  Island,  for  instance,  are  products  of 
convergent  evolution — that  the  action  of  similar  environments  has 
nipped  in  the  bud  ever^"^  differential  tendency  anc'  has  produced  homo- 
plastic counterparts  which,  on  morphological  grounds,  cannot  be  sepa- 
rated even  subspecifically ! 

However  important  climatic  factors  may  be,  the  complex  of 
influences  controlUng  the  present  distribution  of  most  forms  of 
diving  petrels  is  by  no  means  fully  understood.  What  sort  of  external 
limitation  or  competitive  interaction,  for  instance,  keeps  apart  the 
adjacent  Fuegian  and  Falkland  birds?  The  determinants  of  the 
aberrant  range  of  Pelecanoides  garnotij  on  the  other  hand,  are  more 
readily  comprehensible  than  those  of  any  of  the  other  species.  The  cold 
Humboldt  Current,  which  flows  northward  and  laves  the  west  coast  of 
South  America  to  within  a  few  degrees  of  the  equator,  combines  with 
other  natural  features,  such  as  the  Andean  barrier  and  the  prevailing 
southwesterly  winds,  to  maintain  more  regular  and  favorable  oceanic  and 
meteorological  conditions  than  are  to  be  found  along  any  similar  con- 
tinental shore.  For  a  thousand  nautical  miles  on  the  Peruvian  seacoast 
the  surface  temperature  of  the  ocean  water  changes  scarcely  at  all,  nor  is 
the  variation  according  to  hour,  day,  or  month,  significant.  At  the  Chincha 
Islands,  the  extremes  of  annual  variation  are  not  more  than  1.3°  C 
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apart.^  Evaporation  is  slight,  and  the  proximity  of  cold  sea-wat^r  and 
heated  land  makes  condensation  and  precipitation  of  moisture  virtually 
impossible.  The  chilled,  viscous  water  absorbs  oxygen  freely,  which,  in 
combination  with  the  clear  sunlight,  supports  an  abundant  growth  of 
algae.  The  latter  in  turn  furnish  subsistence  to  the  teeming  plankton 
and  nekton  fauna  upoft  which  the  diving  petrels  feed.  The  extraordinary 
circumstance  of  a  subantarctic  current,  with  its  exhaustless  resources  of 
uniform  food  supply,  washing  equatorial  continental  shores,  accounts 
beyond  a  doubt  for  the  distribution  of  Pelecanoides  gamotiy  as  well  as  of 
the  penguin,  Spheniscus  humboldtiy  northward  into  the  heart  of  the 
tropics.  Where  the  Humboldt  Current  meets  a  warm,  southward-flowing 
current — El  Nifio — at  a  point  varying  between  3°  and  7°  30'  south 
latitude,  the  warmer,  lighter  stream  overflows  the  colder,  and  the  north- 
ward extension  of  the  diving  petrel  is  abruptly  checked. 

The  same  general  conditions  also  partly  explain  the  characteristics, 
physiological  as  well  as  structural,  which  differentiate  P.  gamoii  from 
its  congeners.  Alone  of  all  the  family,  it  inhabits  a  mild  region  of  rainless, 
relatively  placid  seas  with  their  invariable  surplus  of  accessible  food. 
The  factors  which  inhibit  increase  of  size  in  the  more  southerly  species 
are  apparently  not  effective,  and  this  largest  and  most  northerly  of 
diving  petrels  has,  moreover,overcome  the  limitations  of  a  fixed  breeding 
season — a  system  which  is  so  rigidly  imposed  upon  all  the  subantarctic 
fonns — and  has  assumed  the  continuous  breeding  custom  common  to 
many  tropical  sea-birds.  Throughout  the  whole  family,  there  is  an 
obvious  tendency  toward  decrease  in  size  with  decrease  in  temperature 
of  the  habitat. 

The  insular  species  of  diving  petrels,  including  georgicus,  exsul, 
and  the  races  of  urinairix,  appear  to  make  migrations  of  considerable 
extent,  or  at  least  to  lead  truly  pelagic  lives  during  part  of  the  year. 
In  the  systematic  accounts  we  have  cited  records  of  these  birds  at  points 
far  from  land  in  the  South  Atlantic,  Indian,  and  Pacific  oceans.  The 
continental  species,  garnoti  and  magellani,  on  the  other  hand,  would 
seem  to  be  strictly  littoral.  Neither  form  has  been  recorded  from  any 
offshore  locality;  P.  magellani  has  not  invaded  the  territory  of  its 
neighbor,  P.  u.  herard;  P.  garnoti  is  unknown  at  Juan  Fernandez.* 
Further  evidence  of  the  permanent  residence  of  these  two  species  within 


•Coker.  R.  E.,  1918,  Geographical  Review,  February,  pp.  127-135. 

*A  map  nhowinK  the  distribution  of  the  Felecanoididu?  in  the  Atlas  of  ZoogeoKraphy  (Bartholomew's 
Physical  Atlas,  V,  1911).  Plate  xvii.  Map  5,  is  niisleading  in  that  the  range  of  these  birds  is  carried 
entirely  across  the  Pacific  Ocean.  Tliere  is  yet  no  evidence  that  diving  petrels  occur  in  any  part  of  the 
Pacific  between  the  littoral  waters  of  iSouth  America  and  the  New  Zealand  region.  Certainly  in  the 
case  of  Felecnnoidei*  unrnoti  the  area  of  distribution  and  the  breeding  range  appear  to  have  the  same 
limits;  both  seem  to  be  confined  within  the  scope  of  the  cold  Humboldt  Current. 
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the  environs  of  their  actual  breeding  ranges  is  {o  be  found  in  their  not- 
ably uniform  plumages  (ef.  p.  526),  a  condition  contrasting  strongly 
with  the  wide  amplitude  of  individual  variation  in  P,  georgicxis,  for 
instance.  This  is  in  accord  with  the  recognized  truth  that,  other  factors 
being  equal,  so-called  stationary  species  exhibit  a  lesser  degree  of  in- 
dividual variation  than  species  which  undertake  long  periodic  migrations. 

Mathews  advances  the  opinion  that  the  great  age  of  the  family  of 
diving  petrels,  as  an  oflfshoot  from  some  more  generaUzed  tubinarine 
stem,  is  indicated  by  the  fact  that  the  nostrils  of  even  nestlings  point 
directly  upward  and  show  no  trace  of  the  horizontal  tubes  such  as  are 
conmion  to  all  other  birds  of  the  order.  Upon  a  similar  criterion  we  may 
judge  that  the  parting  of  the  ways  of  the  four  subgenera  within  the  single 
genus  is  also  of  ancient  standing,  because  the  bills  of  very  young  speci- 
mens show  as  well  as  those  of  adults  the  diagnostic  differences  in  the 
structure  of  the  nasal  orifices  and  the  form  of  the  mandibular  rami. 

In  the  complete  absence  of  a  fossil  record,  and  of  knowledge  of  a 
secular  alteration  of  antarctic  climate  during  the  Tertiary,  we  can 
perhaps  draw  no  sure  conclusions  regarding  the  origin  and  dispersal  of 
the  Pelecanoididffi.  Nevertheless,  the  line  of  reasoning  which  W.  D. 
Matthew*  has  so  successfully  used  to  explain  the  distribution  of  various 
higher  groups  of  vertebrates  from  holarctic  centers  is  applicable  in  a  very 
interesting  way  to  this  small  family  of  birds.  All  the  known  subgenera 
and  species  of  diving  p)etrels  except  P.  exsul  are  indigenous  within  a  dis- 
tance of  twelve  hundred  miles  of  the  southern  extremity  of  South 
America.  It  would  seem,  therefore,  that  those  agencies  which  have 
been  governing  the  course  of  evolution  within  the  family  have  been 
most  active  in  the  region  referred  to,  and  that  the  point  of  original  dis- 
persal is,  indeed,  not  far  from  Cape  Horn.  In  this  locality  we  find  to-day 
Pelcanoides  magell^nif  the  most  strongly  marked  and  distinctive  of  all 
diving  petrels,  and  in  this  sense  the  most  advanced  member  of  the  genus. 
The  Fuegian  species  represents,  as  it  were,  the  latest  wave  in  the  flood  of 
evolutionary  progression  rising  from  the  contiguous  cradle  of  the  race, 
which  is  never  the  locality  where  a  primitive  member  is  to  be  sought. 
The  more  distant  Pelecanoides  yarnoti  has,  except  for  it«  increase  in 
size,  differentiated  much  less  from  the  family  type.  Still  more  distant 
and  isolated  diving  petrels,  such  as  Pelecanoides  georgicus  and  the  anti- 
podal races  of  P,  xirinatrix  (e.g..  P.  u.  chathamensis)  share  with  one 
another  strong  superficial  resemblances  of  color  and  pattern,  small  size, 
etc.,  which  are  due,  we  assume,  not  to  close  relationship,  nor  to  homo- 
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plasy,  but  rather  to  the  retention  among  these  conservative  forms  of 
primitive,  nonadaptive  characters.  The  species  of  diving  petrels  con- 
fined exclusively  to  the  New  Worid  {mageUani,  gamoti)  occupy,  as  has 
been  shown,  a  wide  range  in  environments,  biotic  as  well  as  physical, 
extending  from  the  arid  coast  of  northern  Peru  to  the  islets  of  Cape  Horn; 
but  the  species  urinairiXj  exsul,  and  georgiaiSj  which,  according  to  the 
hypothesis  here  advanced,  began  their  invasion  of  the  Eastern  Hemi- 
sphere from  the  Falkland  Islands,  have  found  a  series  of  eqtiable  habitats 
in  a  subantarctic  belt  of  the  southern  oceans.  Because  of  the  relatively 
uniform,  even  if  cloudy  and  blustery,  environment  throughout  their 
range,  they  have  thus  far  radiated,  if  at  all,  only  to  the  extent  of  forming 
variants  worthy  of  the  rank  of  subspecies.  Peripheral  representatives  of 
urinatrix  and  georgicusj  particularly  the  subspecies  of  the  New  Zealand 
region,  are  probably  most  hke  the  ancestral  type  of  diving  petrel;  and 
they  now  exist  exactly  where  we  should  expect  to  find  them,  viz.,  as 
far  as  possible  from  their  point  of  origin. 

The  principal  desiderata  for  further  study  of  this  interesting  group 
are  as  follows: 

1.  Skeletons  of  the  five  species. 

2.  Downy  young  of  Pelecanaides  msigellaniy  so  that  it  may  be  de- 
termined whether  the  neossoptyles  of  this  species  resemble  in  color  those 
of  P.  garnoti,  P.  georgictts,  or  of  neither. 

3.  A  study  of  representative  series  of  specimens  from  the  Aastraliau 
and  New  Zealand  habitats,  especially  from  the  southern  outliers  of  New 
Zealand.  As  regards  the  diving  petrels  known  to  inhabit  the  Auckland, 
Antipodes,  and  Campbell  Islands,  there  has  yet  been  advanced  little  or 
no  information  of  critical  value. 

4.  A  search  for  breeding  representatives  at  the  South  Sandwich 
group,  Lindsay  (or  Bouvet)  Island,  Marion  and  Prince  Edward  Islands, 
Heard  and  McDonald  Islands,  and  the  South  Pacific  islets  of  Nimrod 
and  Dougherty,  if  the  last  two  exist,  which  now  seems  doubtful.^ 
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Plate  XX 

Homoplasy  in  sea-birds  of  two  orders  and  two  hemispheres.  The  skini  at  the 
right  and  left  ends  of  the  series  are  subantarctic  diving  petrels  (PeJecsfiouiM  magd- 
lani);  the  two  central  skins  are  boreal  auklets  (AUe  aUe),   Cf.  pp.  516  and  530. 


Platb  XXI 

Fig.  1.  I^estlingB  of  Pelecanoidea  g&moH  (Brewster-Sanford  Gdlectioii  1164, 
1165)  taken  at  San  Gallan  Island,  Peru  July  3,  1013.  The  two  downy  plunuigeB  of 
this  species  differ  markedly  in  color  from  the  corresponding  plumages  of  P.  unnatrix 
and  P.  georgicu8  (Cf.  text-fig.  4,  p.  524). 

Fig.  2.  Progressive  wear  of  the  plumage  in  adult  males  of  Pdecancides  nutffd' 
Uni.  At  the  left,  bird  in  entirely  new  plumage  taken  in  the  Strait  of  Magellan,  August 
1,  shortly  after  the  completion  of  the  annual  molt.  In  the  center,  bird  from  Reynon 
Island,  Chile,  December  21,  howing  the  efifects  of  wear  which  has  nearly  obliterated 
the  white  edg'ngs  of  the  feathers  on  the  back.  At  the  right,  bird  with  the  whit€ 
edgings  entirely  effaced,  taken  at  Punta  Arenas,  Argentina,  on  March  6,  or  shortly 
before  the  inception  of  the  annual  molt. 


Plaie  XXII 

Fig.  1.  From  left  to  right,  matiire  moles  of  Pekcanoides  gamoii,  P.  ma^flam. 
and  P.  georgirua. 

Fig.  2.  Structural  difTcrenees  of  subgeneric  value  shown  in  a  ventral  view  of 
the  bills  of  four  breeding  npecimens  of  diving  petrels.  At  the  left,  two  males  of 
Pelecanoid4i8  urinntrix  herard  (subgenus  Pelecanoides) y  Falkland  Islands,  November 
1915;  at  the  right,  one  male  and  one  female  of  Pelecanoidea  georgicus  (subgenus 
Pelagodyptes),  South  Georgia,  January  1913. 


Plate  XXIII 

Fig.  1.  Pele^'inoi'ieft  geirgic'is.  Ph:)tr)graph  from  life  of  a  bird  which  flew  on 
board  a  vessel  in  Posst^ssion  Kay,  South  Georgia,  March  13,  1913. 

Fif^.  2.  Individual  variation  in  the  extent  of  mottling  on  the  jugulum,  illustrated 
by  two  breeding  females  of  Pelecanoides  georgicus  collected  at  Cumberland  Bay,  South 
Georgia,  in  December  1914. 


Plate  XXIV 

Fig.  1.     Pelecajioides  garnoii  and  its  egg,  after  the  opening  of  a  burrow  on  San 
Gallan  Island,  Peru,  July  4,  1913. 

Fig.  2.     Peleravoides  urinalrix  herardy  after  the  opening  of  its  neBt-burrow  on 
Kidney  Island,  Falkland  Islands,  November  6,  1915. 

Both  photographs  by  Kollo  H.  Beck. 
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Article  XVm,— THE   HERPETOLOGY  OF  NAVASSA  ISLAND 

By  Karl  Patterson  Schmidt 

Plates  XXV  and  XXVI 

The  small  island  of  Nav«nssa  is  situated  about  one-third  the  distance 
between  the  southern  peninsula  of  Haiti  and  Jamaica.  Its  topography 
recalls  that  of  Mona  Island,  in  the  passage  between  Santo  Domingo  and 
Porto  Rico,  at  least  in  its  sheer  sea  cliff.  It  differs  from  Mona  Island 
chiefly  in  the  fact  that  there  is  a  broad  terrace  at  the  top  of  the  sea  cliff, 
with  a  rising  mound  in  the  center,  while  the  slightly  undulating  surface 
of  Mona  appears  quite  flat  from  a  distance.  Like  Mona,  the  island  is 
arid,  and  the  vegetation  scanty.  The  "phosphate"  deposits  on  Navassa 
were  found  in  surface  pockets,  which,  after  the  removal  of  the  phosphate, 
make  travel  on  the  surface  of  the  island  extremely  difficult  and  danger- 
ous. The  origin  of  these  surface  deposits  offers  a  difficult  problem.  It 
is  possible  that  the  roofs  of  caves  in  which  bat  guano  accumulated  have 
been  eroded  away,  leaving  the  cave  floors  as  the  present  land  surface. 
The  surface  rock  is  as  rough  as  that  of  Mona,  or  the  "diente  perro" 
country  of  Cuba  described  by  Barbour  (1914,  p.  308). 

For  the  above  brief  description  and  the  accompanying  photographs 
I  am  indebted  to  Mr.  Frederick  C.  Hingsburg,  under  whose  direction 
the  Navassa  Island  lighthouse  was  built. 

The  herpetology  of  Navassa  Island  has  been  very  imperfectly 
known.  The  Beck  collection,  on  which  the  present  account  is  based, 
increases  the  nimiber  of  species  of  reptiles  recorded  from  Navassa  Island 
from  five  to  thirteen. 
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Annotated  List  of  Reptiles  op  Navassa  Island 

1.    SphaerodactyluB  cinereus  MacLeay 

A  Cuban  and  Hispaniolan  species,  recorded  for  the  first  time  from 
Navassa  Island,  in  the  R.  H.  Beck  collection. 

2.     SphaerodactyluB  becki  Schmidt 
Related  to  S.  scaber  in  Cuba  and  S.  pidnratus  in  Haiti. 

3.    Anolis  semilineatui  Cope 

A  single  specimen,  referred  to  A,  olssoni  in  my  description  of  that 
species.  Additional  specimens  of  this  form  might  prove  to  be  distinct 
from  the  Hispaniolan  species,  and  it  seems  preferable  to  record  it  provi- 
sionally as  A,  semilineatus. 

4.     Anolis  distichUB  Cope 

^  single  specimen  in  the  R.  H.  Beck  collection  adds  this  species 
to  the  fauna  of  Navassa  Island. 

5.  AnoliB  longiceps  Schmidt 

A  remarkable  species  in  the  extreme  acumination  of  the  snout, 
apparently  related  to  the  Cuban  Anolis  porcatus  through  Andis  may- 
nardi  Garman  from  Little  Cayman  Island. 

6.  AnoliB  latiroBtriB  Schmidt 

This  species  represents  the  opposite  extreme,  in  the  shape  of  its 
snout,  from  A,  longiceps.  It  is  not  closely  related  to  any  of  the  Greater 
Antillean  anoles. 
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7.      ChkmMlInoropa  bartaouri  Schmidt 

(Figs.  3  and  4) 

The  occurrence  of  this  remarkable  lizard  on  the  small  island  of 

Navassa  may  be  regarded  as  a  case  of  relict  distribution,  the  Navassa 

species  being  the  surviving  remnant  of  a  more  widely  distributed  form. 

8.     Leloc«pb^ua  er«mitus  Cope 
(Figun.  5) 

In  coloration  this  species  is  closely  allied  to  L.  personattis  C<^  from 
Hispaniola,  but  in  the  larger  number  of  anterior  head  scales  it  is  quite 
distinct  from  other  West  Indian  species  of  the  genus. 

9.     CTclura  nigerrlma  Cope 
Recorded  and  figured  by  Barbour  and  Noble,  1916,  p.  162,  Pis. 
XI  and  XV,  figs.  1  and  2. 

10.    Coleatiu  b&dlus  Cnpc 
The  Beck  collection  contains  a  single  small  specimen  of  this  species, 
unfortunately  insufficient  to  settle  the  status  of  the  Navassa  form. 
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11.  Ameiim  n»v»ss)B  Sclimidt 

This  handsomely  colored  Ameiva  appears  to  be  related  to  Ameivi 
auberi  of  Cuba,  more  closely  than  to  the  Hispaniolan  species. 

12.  TypblopB  BUlcatuB  Cope 

Probably  referable  to  Typhlopa  lumbricalta  (LinnEeu-s)  but  I  have 
retained  Cope's  name  pending  a  verification  of  the  status  of  the  His- 
paniolan  form. 

13.  Tropidophis  bucculenta  (Cope) 
The  only  specimen  of  Tropidophis  recorded  from  Navassa  was 
described  by  Cope  as  a  subspecies  of  macuJata.  I  have  retained  the 
species  as  distinct  partly  because  the  status  of  the  Hispaniolan  macnlaU 
is  unsettled,  partly  because  of  the  high  degree  of  pecuharity  of  the 
Navassa  fauna. 

The  fauna  of  Navassa  Island  is  a  considerably  larger  one  than  would 
be  expected  from  the  size  of  the  island  and  from  analogy  with  Mooa 
Island.  It  does  not  appear  to  be  by  any  means  exhausted.  A  species  o! 
EleiUhcrodaclylus  and  a  skink  should  certainly  be  found  there  and  prob- 
ably one  or  two  additional  species  of  snakes. 
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Several  of  the  species  are  still  imperfectly  known,  and  inferences  as 
to  the  relations  of  the  fauna  arc  consequently  uncertain.  Taken  in  a 
broad  sense,  however,  the  rdationa  with  the  surrounding  islands  are 
about  as  follows 

Species  related  to  or  identical  with  Jamaican  forms 3. 

(Celestua  badiua,  Typhlopa  atUcatus,  Tropidophia  buccvtenU). 

Species  related  to  or  identical  with  Cuban  forms 7. 

{SpkaeTodadyltis  cinereus,  S.  tecki,  Anolis  longiceps,  Chamadinorops 
barbouri,  Ameiva  iiavassx,  Typhlops  stdcalits,  Tropidophis  buceu- 
lenla). 

Species  related  to  or  identical  with  Hispaniolan  forms 10. 

{Sphaerodadylus  cinereus,  S.  becki,  Anolis  semilinealus,  A.  dittirkux, 
Leioctphalus  eremitua,  Cydura  nigerrima,  Celeslua  badiwt, 
Ameiva  navassx,  TypfUope  aulcalus,    Tropidophis  bvcadentA). 


Plate  XXV 

(^g.  1.     Navassa  Island  from  the  sea. 
Fig.  2.    Schooner  unloading  cargo. 
Fig.  3.    The  surface  of  the  terrace. 

(Photos  by  Mr.  Frederick  C.  Hingsburg) 


Plate  XXVI 

Fig.  1.    The  rocky  coast  of  Navassa. 
Fig.  2.     The  Navassa  Lighthouse  under  construction. 

Fig.  3     The  completed  lighthouse,  showing  the  rocky  surface  and  vegetation^of 
the  highest  part  of  the  island. 

(Photos  by  Mr.  Frederick  C,  Hingabure) 
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Article  ZIX.-REFnLIAN  AND  STEGOCEPHALIAN  REMAINS 
FROM  THE  TRIASSIC  OF  PENNSYLVANIA  IN  THE 

COPE  COLLECTION 

By  F.  von  Huene,  Tubingen 

The  whole  Triassic  Cope  Collection  has  been  sent  over  to  me  for 
reexamination  from  The  American  Museimi  of  Natural  History  in  New 
York  City.  Therefore  my  hearty  thanks  are  due  to  Professor  H.  F. 
Osborn  and  Dr.  W.  D.  Matthew.  The  collection  consists  of  New  Mexican 
and  Pennsylvanian  fossils.  In  a  previous  paper^  I  gave  some  observations 
on  the  New  Mexican  part  of  that  collection  and  now  the  Pennsylvanian 
fossils  are  to  be  briefly  treated. 

The  most  important  part  of  the  Pennsylvanian  Triassic  collection 
consists  of  nicely  preserved  teeth  which  have  been  described  and  named, 
but  not  all  of  them  have  been  figuried,  and  some  have  been  figured  in 
rather  rare  papers.  Therefore  some  doubts  have  existed  aborut  what 
these  teeth  are  Uke  and  as  to  their  classification.  It  is  necessary  to  have 
good  figures  of  these  types,  although  no  interesting  conclusions  are  to 
be  made  from  them.  Only  after  this  has  been  done  can  they  be  identi- 
fied with  skulls  and  skeletons  more  completely  preserved.  Most  of  them 
belong  with  the  Parasuchia,  and  since  the  paper  of  McGregor  (1906) 
have  been  considered  as  synonymous  with  RiUiodon  carolinensis.  In 
addition  to  these  teeth  the  collection  contains  the  bones  of  ''Belodon^^ 
lepturus,  also  considered  as  synonymous  with  Rutiodon  carolinensis  by 
McGregor.  With  the  parasuchian  remains  there  are  a  few  saurischian 
teeth,  also  some  stegocephalian  and  possibly  pterosaurian  bones. 

I.    Parasuchia 

PalaBoctonus  appalachianua  Cope 
Figures  1  and  2 

The  teeth  indicate  an  enormous  parasuchian  skull,  possibly  some- 
thing like  Machxroprosopris  vsdidus  Mehl.^  There  are  posterior  and 
anterior  teeth.  Cope  has  figured  one  of  each  kind.  The  posterior  tooth 
is  compressed  and  relatively  short  and  broad,  with  sharp  and  finely 
serrated  longitudinal  edges.  The  medial  side  of  the  tooth  is  nearly 
flat,  the  lateral  side  more  rounded.  The  anterior  edge  is  nearly  straight, 
the  posterior  more  curved,  so  that  the  top  of  the  tooth  points  a  Uttle 

»191ft,  Bull.  Amer.  Mus.  Nat.  Hiat.,  XXXV.  pp  485-507. 
>101d.  Quart.  Bull.  Univ.  Oklahoma,  N.  S.  103,  March,  p.  6 
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more  to  the  anterior  direction.  The  whole  tooth  is  very  slightly  curved 
in  transverse  direction  (little  convex  laterally  and  little  concave  mediaUy), 
As  all  illustrations  of  the  teeth  are  given  in  natural  size  or  X  2, 1  do  no! 
think  it  necessary  to  give  measurements. 


Palimtimui  nfipalarAianitt  Cope  (No.  2320).     Nitura] 
>i  tooth.    Three  aspccU:    Ulerol  W:    anlcTior  <B}; 


The  anterior  tooth  (Fig.  2}  is  verj'  much  higher  and  less  compres^ ; 
viewed  from  outside  it  looks  nearly  round,  only  the  medial  side  is  nearly 
flat.  Tlie  latter  is  bordered  by  two  longitudinal  edges  with  the  s-inic 
serration  as  in  the  posterior  tootli,  only  the  edges  are  not  so  sharp  as  in 
the  posterior  tootli.    The  top  of  tliis  tooth  is  verj-  acutely  pointed;  thi-* 
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is  also  true  in  aoother  specimen.  The  transverse  curvature  is  rather 
more  than  in  the  posterior  tooth,  but  is  only  very  sUght  in  the  second 
specimen. 

The  teeth  figured  by  Cope  have  the  number  2320,  and  the  other  two 
2329. 


PalnoctoDui  auUcodui  Cope 

Figures  3  and  4 

These  teeth  have  also  been  described  as  Suchoprion  auiactxius  by 

Cope.    They  are  smaller  than  P.  appalackianns  and  relatively  thicker, 

but  are  also  somewhat  compressed.     The  difference  between  the  flat 
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.     xa.    Anterior  (A)  >nd  later«l  (A) 

medial  and  the  much  rounded  lateral  side  is  great.  Both  longitudinal 
edges  are  finely  serrated.  The  posterior  edge  is  shorter  than  the  anterior, 
especially  in  the  smaller  of  the  two  teeth;  the  anterior  edge  runs  the 
full  length  of  the  crown.  The  smaller  of  these  teeth  shows  very  slight 
indications  of  longitudinal  ridges  in  the  lower  part  of  the  lateral  face. 
In  the  figure  they  are  perhaps  a  little  too  strong.  The  transverse  curva- 
ture is  rather  well  shown  in  both  teeth. 


Suchoprion  Bulcidena  Cope 

Figure  5 
There  is  only  a  single  tooth  mentioned  by  Cope  with  this  name,  but 
never  described  or  figured.  This  tooth  is  nearly  round  in  horizontal 
section.  It  is  especially  characterized  by  the  longitudinal  ridges  in  the 
middle  and  lower  part.  In  the  upper  half  arc  two  slight  longitudinal 
edges,  one  of  them  with  very  minute  serration,  the  other  without  serra- 
tion, but  the  top  of  the  tooth  is  broken  and  might  have  been  serrated  in 
the  uppermost  part.  The  tooth  possesses  a  well-marked  transverse 
curvature  and  resembles  the  teeth  of  Mystriosuckus  jdanirostris  of  Wurt- 
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Suchoprlon  cyphodon  Cope 
Figure  6 
There  arc  a  few  teeth  of  this  type.    They  are  round  in  horizontal 
section  and  are  nicely  curved  in  transverse  direction.    Two  longitudinal 
edges  border  the  narrower  medial  side.    These  edges  consist  of  ex- 
tremely minute  and  short  serrations. 

ClepijiauruB  pennsTlvftnlcus  Cope 

Figure  7 

Of  CtepeyxAurus  pennsytvanicus  there  is  the  type  specimen  of  Cope 

and  Dana,  marked  with  number  2337.     It  is  an  acute,  slender  tooth, 

round  in  section,  but  rather  thicker  than  broad.    It  has  a  very  slight 
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■iDFi  <i;p/iodBrt  Cope  (No.  2331).     X  !.    Poetiriol  W)»ndlBli 
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double  curvature  in  traiiBven<e  direction  and  possesses  two  longitudinal 
e<^e3  without  any  serration,  just  cutting.  They  are  both  as  long  as  the 
preserved  part  of  the  tooth,  which  is  practically  the  complete  crown. 


ClaparMurus  Tmtloianus  Cope 
FigiireD  8  anil  9 

The  tooth  representing  this  species  ha.i  not  previously  been  figured. 
It  ia  nearly  straight,  slightly  compressed  and  has  only  one  sharp  longi- 
tudinal edge  with  well-marked  but  minute  serrations. 

It  is  probable  that  another  tooth  (Fig.  9)  associated  in  the  collec- 
tion with  Suchoprion  ajphodon  belongs  to  Ctepsyitaunus  fealleianua.  It 
is  larger  than  the  type  specimen.  The  upper  half  of  it  is  broken  off.  This 
tooth  is  also  slightly  compressed,  hius  one  cutting  serrated  edge;  the 
opposite  side  is  rounded.  The  tooth  is  curved  not  in  transverse  but  in 
sagittal  direction. 

"PftlKotfturui"  fraserianuB  Co|K' 
Figure  10 
The  tooth  to  which  Cope  gave  this  name  resembles  very  much  the 
former  species,  but  it  is  a  good  deal  smaller.    It  has  only  one  cutting 
edge  with  minute  serration,  jind  the  opposite  side  rounded  and  rather 
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thick.  It  is  curved  in  sagittal  direction  as  in  the  former  species.  I 
suppose  that  the  teeth  of  ClepsysAurtts  veaUeianus  and  Palsosauna 
fraserinnua  represent  the  same  species,  and  as  the  former  name  was  giveo 
a  year  earlier  the  second  should  disappear,  if  this  conclusion  be  true. 


"Belodon"  priscua  Cope 

Figiiro  II 
This  tooth  is  scarcely  distinct  from  the  preceding  one,  except  thai 
it  is  much  less  curved  and  the  fine  serration  at  the  cutting  posterior 
edge  Is  restricted  to  the  upper  half ;  it  probably  belongs,  howe^'cr,  to  the 
same  species. 

Remarks  o\  the  Different  Species  of  the  Above-mextioxed 
Parasuchian  Teeth 
Possibly  to  a  single  or  more  probably  to  two  species  of  long  and  low- 
snouted  parasuchians  belong  Cope's  following  types  of  teeth : 
Perhaps  not  belonging  with]  (Suckoprion  cypkodon 
following  teeth  }  ■{  Clepsy^aurus  pettnsylvantcus 

I  l_  "  ve^tleianus 

"  Palxosaurua  "  fraserianw 
"Belodon"  priscus 
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The  teeth  named  Palieoclomis  appalachianus  and  P.  sidacodus  may 
belong  with  a  single  or  with  two  different  species;  it  is  impossible  to 
say.  But  it  is  nearly  certain  that  they  do  not  belong  with  the  foregoing 
named  teeth,  surely  not  with  the  last  two.  Only  American  investigators 
will  now  be  able  to  decide  which  of  those  teeth  belong  with  the  recently 
described  genera  Mackseroprosopua,  Angislorkinus,  and  Palsorkintts,  or 
with  Rutiodon. 


Fi(.  12.   RiUiodm 
Cope.  (No.  2338). Fob 


In  the  same  collection  there  are  also  four  teeth  of  " Palseosaurus" 
caroliriensis  Cope  (No.  2338)  with  the  remark  on  the  label  "common" 
(Figs.  12,  13).  Tlicy  are  lying  in  black  bituminous  shales  of  the  Deep 
River  coidficid  in  North  Carolina,  the  same  shales  as  in  the  Phoenix- 
ville  tunnel.  Pa.,  which  yielded  flwiiodon  carolinenais  and  "Belodon" 
lepturus.  Mowt  probably  these  teeth  are  those  of  Rutiodon  carolinenp^ 
and  to  this  probably  also  belong  " Pa}xosaurus"  fraserianus  and  "Belo- 
don" prisons. 

Two  of  these  teeth  of  " Palxosaurus"  carolinensia  are  of  the  slender 
type,  one  of  them  has  a  cutting  edge,  and  two  of  them  are  short,  broad, 
flattened  and  with  two  cutting  edges.  That  means  that  the  last  oues  are 
from  the  posterior  part  of  the  jaws  and  the  first  ones  from  the  middle  or 
anterior  part. 

All  of  tliese  teeth  described  under  eight  names  possibly  belong  with 
only  three  or  four  species: 
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I. 
11. 


III. 


Palseodonus  appsdachianus  Cope  1877 

''  avlacodus 

Clepsysaurus  pennsylvanicus  Lea  1852 

"  veaUeianus 

Suchoprion  cyphodon 

*'  PaUeosaurus^*  =  Rviiodon  carolinensis  Emmons  1856 
"  fraserianus 


^^Belodon"  priscus 

It  is  not  quite  impossible  that  the  teeth  under  II  might  belong  with 
Ruiiodon  manhattanensis  Huene,  and  with  the  fragmentary  scapula  from 
Connecticut  called  by  Marsh  "Belodon^'  validus. 

Note  on  '^Belodon^'  lepturus  Cope. 

The  type  material  of  "Bdodon^^  lepturus  in  black  bituminous  shales 
from  the  Phoenixville  timnel,  Pa.,  forms  part  of  the  Cope  collection  (No. 
3879) .  Cope  has  given  very  good  figures  of  these  specimens.  There  are  a 
number  of  vertebrse,  ribs,  one  femur,  a  fibula  and  dermal  plates.  I  do 
not  find  any  difference  from  Ruiiodon  carolinensis. 

II.    Saurischia 

ThecodontosauruB  gibbidens  Cope 
Figures  14  and  15 

There  are  two  small  teeth  of  the  same  type  as 
those  of  Thecodontoaaurvs  antiquum  Morris,  T,  elizx 
Sauvage,  '* Plateosaurv^^'  omatus  Huene,  and  '^Plateo- 
aaurus  sp."  from  Friedrichstrasse  near  Hechingen 
(1915,  N.  Jahrb.  f.  Min.,  etc.,  I,  p.  13).    They  belong 

to   the    allophagous    division   of  the 

Pachypodosauria  (Huene,  1914,  Cen-   copeCNo.  2339).  x  2. 

tralbl.    f.    Min.,   etc.,  pp.    154-158).    t^l^Z^^Zt. n'' 

These  teeth  are  short  and  very  thick, 

with  a  characteristic  kind   of    cutting  edges  ("Spitz- 

kerbung,"  as  called  by  the  author).    The  axis  of  these 

Fig.  15.  Theco-  tccth  is  slightly  curved  to  the  inside,  but  not  at  all 

^™'^J^;  backwards.     There   is   also   a   sUght   resemblance   of 

Mpcct.  X  1.  these  teeth  to  those  of  Scelidosaurus. 


Fig.    14.       Theco- 
donto^Aurus    ffibbidena 
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?Eup«lor  durui  Cope 
figures  16  to  18 
There  is  one  tooth,  fragments  of  sculptured  parts  of  the  skull  roof, 
a  good  lateral  dermal  plate,  and  part  of  an  interclavicular  plate  of  a  big 
labyrinthodont-like  Ma£iod(msa,urus  from  the  Triassic  of  Fennsylvania. 
The  tooth  (Fig.  16)  is  straight  and  conical;  its  lower  part  has  longitudinal 
ridges.  The  parts  of  sculptured  skull  bones  do  not  show  any  suture.  All 
of  these  fragments  are  small.  The  lateral  or  clavicular  plate  (Fig.  IS) 
is  nearly  complete,  only  the  narrow  process  below  the  sculptured  part 
of  it  is  fragmentary.  The  sculpture  of  these  bones  is  much  hke  that  of 
Mastodortf-aurus.  The  aspect  of  the  interclavicular  plate  (Fig.  17)  seems 
a  little  different  from  the  sculpture  of  the  clavicular  plate;  therefore  it  is 
not  certain  they  belong  to  the  same  species. 


.lurut  Coppl  (Nc.  2-H:«1.  |.'iK.  17.     r»rl  uf  lul.yrirKhodonl  inler-rUviiiiUt  |J«lp  (No.  I33»i. 

IV.    Pterosauria? 

FiRurcs  19  and  20 

Thf  probable  ptciosaurian  remains  described  by  Cope  as  Rabdopdix 
longispinis  from  the  Triassic  of  Gwynned,  Montgonierj'  Co.,  Pa.,  have 
not  been  found  in  the  Cope  collection,  but  there  are  two  tiny  bones  in 
black  bituminous  sluiles  from  the  Phcenixville  tunnel.  Pa.  They  are  in  the 
same  black  shales  which  have  yielded  "Belodon"  lepturtts  Cope. 
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Tig.  18.    Left  UbyrinUiadon 


19  Cope)   (No.  Z321). 


One  of  these  bonea  (Fig.  19)  shows  one  natural 
extremity  with  a  diameter  of  2.5  mm.,  but  the 
straight  tiny  bone  has  only  a  diameter  of  1  mm. 
The  other  end  is  broken  off.  The  preserved  length 
of  the  bone  is  17  mm.  {with  a  short  bit  of  impression). 
The  broken  end  shows  the  bone  to  be  hollow,  with 
very  thin  walls. 

The  second  bone  (Fig.  20)  is  quite  straight,  also 
with  a  diameter  of  1  mm.  Both  extremities  are 
hidden  in  the  rock.    Its  visible  length  is  21.5  mm. 

Although  it  is  impossible  to  detennine  such 
fragmentary  bones,  they  are  of  some  interest  because 
of  the  possibility  of  belonging  to  pterosaurs.  H.  v. 
Meyer  had  described  similar  bones  from  the  upper- 
most Triaasic  of  Wurttembcrg  as  probably  belonging 
to  pterosaurs. 


W 


I 


f 


Pin,  10  and  20. 
Two  poHJbly  ptero- 
■aiirikD  bond  (No. 
23.18).      >C  3. 
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Note. — All  of  these  teeth,  etc.,  are  found  in  black  limestone  and 
marl  of  Triassic  age  in  the  Phoenixville  tunnel,  York  Co.,  Pa. 

All  references  to  the  literature  will  easily  be  found  in  the  'Biblio- 
graphy and  Catalogue  of  the  Fossil  Vertebrata  of  North  America,  by 
0.  P.  Hay,  Wasliington,  1902. 
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Article  XX.— THE  BIRDS  OF  THE  AMERICAN  MUSEUM  OF 

NATURAL  HISTORY'S  ASIATIC  ZOOLOGICAL 

EXPEDITION  OF  1916-1917 

By  Outram  Bangs 

The  birds  collected  by  Roy  Chapman  Andrews  and  Edmund  Heller 
in  Burma,  Yunnan  and  Fokien  during  the  course  of  The  American  Mu- 
seum of  Natural  History's  Asiatic  Zoological  Expedition  of  1916-1917, 
were  very  kindly  placed  in  my  hands  for  identification  by  Dr.  Frank  M. 
Chapman,  and  I  now  take  pleasure  in  submitting  the  following  annotated 
list. 

The  collecting  of  mammals  was  the  primary  object  of  the  expedi- 
tion and  birds  were  to  some  extent  a  secondary  consideration,  which 
accounts  for  the  short  series,  many  of  the  species  being  represented  by 
only  a  single  specimen.  The  shortness  of  the  series  renders  subspecific 
identification  in  a  few  instances  a  matter  of  some  uncertainty. 

The  Expedition  traveled  along  the  border  of  Burma  and  Yunnan, 
and  in  western  Yunnan  to  the  Snow  Mountains,  and  made  one  trip  east- 
ward to  Yunnan  Fu.  An  interesting  detailed  account  of  the  wanderings 
and  experience  of  the  members  of  the  party,  with  descriptions  of  all  sta- 
tions at  which  specimens  were  collected,  and  illustrated  by  many  photo- 
graphs and  a  sketch  map  of  the  route,  has  been  published  by  Mr. 
Andrews.^ 

The  collection  of  birds  made  in  Fokien  was  supplemented  by  a 
series  of  skins  received  on  the  spot  from  Rev.  Harry  R.  Caldwell.  This 
collection  is  included  here  with  the  others. 

I  have  kept  the  birds  from  Fokien  apart  from  those  of  Burma  and 
Yunnan,  giving  two  separate  lists.  This  has  caused  ver>^  little  repeti- 
tion of  names  and  has  made  no  faunal  confusion,  which  would  have  been 
the  case  had  all  been  listed  together. 

Long  after  this  paper  was  originally  written  Lord  Rothschild  pub- 
lished an  article  (Novitates  Zoologies,  XXVIII,  pp.  14-67,  May  1921) 
on  a  collection  of  birds  numbering  1442,  made  in  1918  and  1919  by  George 
Forrest  in  west-central  and  north-western  Yunnan. 

Many  changes  in  current  names  occur  in  tliis  article  and,  as  might  be 
expected,  much  that  I  had  said  in  my  original  MS.  is  anticipated.  All 
this  has  now  been  rewritten  and  so  far  as  the  material  in  the  Andrews 
Collection  will  allow  I  follow  Lord  Rothschild's  opinions. 

''Camps  and  TraiU  in  China.'   Applfton  4k  Co.  New  York,  1918. 
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Birds  from  the  Burma  Border  and  Yunnan 

Phasianidji 

Francolinus  pintadeanus  phasrrei  (Blyth) 

Two  males:  Malipa,  Burma,  March  13, 1917;  and  Namting  River, 
Bm*ma  border,  March  4,  1917.  These  skins  agree  with  one  from 
Mengtsz,  Yunnan,  and  one  from  Siam  in  the  Museum  of  Comparative 
Zoology  in  being  much  smaller  in  all  dimensions  than  specimens  from 
southern  China  (Fokien,  etc.).  The  wing  ranges  from  138  to  143  mm., 
wdth  all  other  measurements  proportionately  small.  I  cannot  detect 
any  constant  differences  in  color  in  the  two  races.  Blyth's  type  was 
from  Arakan,  and  his  description  reads:  '^Closely  resembUng  in  plum- 
age the  Pintado  Partridge  of  the  Mauritius,  Francolinus  perlatiis,  but 
of  a  less  robust  form  and  the  male  armed  with  well-developed  spurs." 
The  measurements  given  lately  by  Robinson  and  Kloss  (1919,  Ibis,  (11) 
I,  July,  p.  408)  for  birds  from  South  Annam  are  also  small. 

Arboricola  torqueola  (Valenc.) 

One  adult  female:  No-mu-shu  Pass,  Yunnan,  8000  feet  altitude, 
April  7,  191 7.    The  oviduct  contained  eggs  nearly  ready  for  laying. 

Arboricola  brunneipectus  brunnaipectus  Tickell 
One  a(hilt  male:  Namting  River,  Burma  border,  March  2,  1917. 

Coturnix  coturnix  japonica  Teniminck  and  Schlegel 
One  a(hilt  female:  Malipa,  Burma,  March  13,  1917. 

Bambusicola  fytchei  fsrtchei  Anderson 

Two  adult  females:  Mu-cheng,  Salwin  drainage,  February-  10, 
1917;  Tcng-Yueh,  Yunnan,  April  22,  1917. 

These  skins  like  Rothschild's  are  w^holly  referable  to  Bambusicda 
fytchei  fytchei  Anderson,  type  locality  Pouse,  western  Yunnan,  and  differ 
from  B.  f.  hopkinsoni  CJodwin-Austen  of  Assam,  etc.,  as  pointed  out  by 
Rothschild. 

I  am  loath,  however,  to  throw  the  Mengtsz  bird  B.f,  oleaginca  Bangs 
and  Phillips  into  the  synonymy  of  true  fytchei  as  Rothschild  was  inclined 
to  do.  The  type,  to  be  sure,  is  the  only  individual  I  have  seen,  but  it 
differs  more  irom  fytchei  than  does  fytchei  from  hopkinsoni.  The  spots 
on  the  upper  parts  are  much  blacker,  these  black  spots  extending  even 
all  over  the  hind  neck;  the  ground  color  of  the  upper  parts  is  darker  olive 
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and  the  top  of  the  head  much  darker;  all  the  wing  coverts,  the  scapulars 
and  the  back  are  much  more  uniform  in  color,  hardly  at  all  varied  with 
paler,  grayish  cross  markings  and  vermiculations;  the  chest  is  darker 
and  ver>'  uniform — but  little  spotted. 

Until  a  series  from  Mengtsz,  which  might,  of  course,  prove  the  type 
to  be  an  exceptional  specimen,  is  available,  I  prefer  to  recognize  three 
forms. 

Tragopan  texmnincki  (J.  E.  Gray) 

One  adult  male:  Ho-mu-shu  Pass,  Yunnan,  8000  feet  altitude, 
April  8,  1917. 

QennaeuB  nycthexnerus  ripponi  Sharpe 

One  fine  adult,  male:  Ho-mu-shu  Pass,  Yunnan,  8000  feet  altitude, 
April  7,  1917. 

Phasianus  colchicus  elegans  Elliot 

Three  adult  males:  Li-chiang  Fu,  Yunnan,  9000  feet  altitude, 
October  25  and  November  4,  1916. 

Rothschild  regretted  his  inabiUty  to  compare  Szechwan  and  Yunnan 
adults  of  this  species  and  so  be  sure  that  P.  elegans  and  P.  sladeni 
{nom?n  nudum)  were  identical.  This  I  have  done,  comparing  four  adult 
males  from  Szechwan  with  four  adult  males  from  Yunnan,  and  can  find  no 
constant  differences  either  in  size  or  in  color. 

CalophasiB  huxnisB  Hume 
One  female:  Teng-yueh  Ting,  Yunnan,  April  22,  1917. 

Chrysolophus  aznherstisB  (Leudbeater) 

Four  adult  males:  Wan-tien,  7000  feet;  Pei-ti-ping,  Mekong  River 
drainage,  9000  feet;  and  Li-chiang  Fu,  11,000  feet  altitude,  Novem])er 
and  December  1916  and  May  14,  1917. 

Oallus  gallus  ferrugineus  (Gmeliii) 

Five  specimens,  three  adult  males,  two  adult  females;  Chang-lung, 
Salwin  River,  Yunnan;  Namtung  River,  Burma  border;  and  MaUpa, 
Burma,  February  and  March  1917.  The  distinction  Stuart  Baker  (1917, 
Journ.  Nat.  Hist.  Soc.  of  Bombay,  XXV,  p.  18)  makes  l)etween  the 
Indian  and  the  Chino-Malayan  Jungle  Fowls  is  shown  to  a  certain 
extent  in  the  series  of  birds  I  have  examined,  though  1  find  it  very  difficult 
to  distinguish  some  specimens. 
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Pavo  muticus  Linnaeus 

One  adult  female :  Chang-lunj?,  Salwin  River,  Yunnan,  2000  feet 
altitude,  Maroh  21,  1917.    The  oviduct  contained  parti}'  formed  eggs. 

TUBNICmJl 

Turnix  puffnax  rostrata  Swinhoe 

One  adult  female:  Chu-tung,  Yung-ping  Ho,  Yunnan,  5000  feet 
altitude,  Januarj'  17,  1917. 

COLUMBIDJB 

Columba  hodgsonii  Vigors 

Three  males:  Chang-lung,  Yunnan,  2000  feet  altitude,  and  Malipa, 
Burma.  March  1917 

Streptopelia  orientaliB  orientalis  (Latham) 

Three  specimens,  two  males  and  a  female:  Ho-mu-shu  Pass,  Yun- 
nan, 8000  feet  altitude,  April  8,  1917,  and  Malipa,  Burma  lx)rder,  3000 
feet,  March  10  and  14,  1917. 

Rothschild  referred  his  one  specimen  to  this  form  without  comment. 
Our  three  skins  show  a  decided  approach  to  S.  o.  agricola  (Tickell); 
No.  143299  from  Ho-mu-shu  Pass  in  particular.  This  specimen,  I 
think,  might  almost  as  well  be  referred  to  one  form  as  to  the  other. 

Streptopelia  chinensis  tigrina  (Temininck  and  Knip) 

One  adult  female:  Namting  Rivei",  Burma  border,  February  28. 
1917.    This  example  is  perfectly  typical. 

RALIIDiB 

Amaurornis  phoenicura  chinensis  (Boddaert) 

Three  adults,  two  males  and  a  female:  Namting  River,  Burma 
border,  March  4,  1917:  Malipa,  Burma,  March  14,  1917;  and  Meng- 
peng,  Sfihvin  drainage,  March  17,  1917. 

Charadriidjb 

Hoplopterus  ventralis  ( Wagler) 

Two  lulult  females:  Meiig-ting.  Yunnan.  February  1()  and  17, 
1917. 

Scolopax  rusticola  rusticoia  Linnaeus 
One  male:  Namting  River,  Burma  border,  March  1.  1917. 
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Ardeidjb 
BubulcuB  ibis  coromandus  (Boddaert) 
One  immature  female:  Limg-linp,  Yunnan,  March  28,  1917. 

Falconida 

Lophospua  trivirgatus  rufitinctus  (McCIellan) 

One  male,  Namting  River,  Burma  border,  February  24, 1917.  This 
specimen  has  a  wing  of  230  mm. 

Spiiornis  cheela  ricketti  Sclater 

One  adult  male:  Malipa,  Burma  border,  March  14,  1917.  This 
is  a  large  bird  with  a  wing  of  455  mm.  and  without  much  doubt  belongs 
to  this  race  lately  described  by  Sclater. 

Cerchneis  tinnunculus  saturatus  (Blyth) 
One  *^male''  (female):  Hung-chang,  Yunnan,  Januarj^  28,  1917. 

BUBONIDiB 

Glaucidiuxn  cuculoides  cuculoides  (Gould) 
One  adult  female:  Namting  River,  Burma  border,  March  1,  1917. 

CORACnDiB 

Coracias  afflnis  McCIellan 

Three  specimens,  two  males  and  a  female:  Hsiao,  Meng-ting  and 
Cheng-kang,  Salwin  drainage,  February  3  and  6;  and  Shui-chai,  Mekong 
River,  Yunnan,  January  19,  1917.  All  three  are  large  birds  like  those 
from  the  eastern  Himalayas,  with  wings  ranging  from  193  to  196  mm. 
Specunens  in  the  Museum  of  Comparative  Zoology-  from  Cochin  China 
are  smaller,  as  also  is  one  listed  by  Kloss  from  Siam.  The  smaller  form 
of  Cochin  China  and  Siam,  if  really  separable,  should  be  known  as  C. 
affinis  theresix  Parrot.  It,  however,  was  not  recognized  by  Kloss  (1918, 
Ibis,  (10)  VI,  Januarv',  p.  91),  nor  by  Robinson  and  Kloss  (1919,  Ibis, 
(11)1,  July,  p.  421).* 

Alckdinida 

Halcyon  smjrrnensiB  fusca  (Boddaert) 
One  adult  female,  Meng-ting,  Bhrma  border,  February  18,  1917. 
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BnCEROTIDil 

Anthracoceros  malabaricuB  affinis  (Blyth) 

Two  specimens,  an  adult  male  and  an  immature  (sex  not  deter- 
mined) :  Namting  River,  Burma  border,  February  28, 1917.  These  birds 
belong  to  the  large  Himalayan  form,  the  adult  male  having  a  wing  of 
308  mm. 

Upupida 

Upupa  epopB  saturata  Lonnberg 

One  adult  male :  Yung-chang  Fu,  Yunnan,  January  28, 1917.  This 
is  a  large  bird,  with  a  wing  of  154  nun.  In  size,  as  well  as  in  other  re- 
spects, it  is  an  extreme  example  of  the  northern  saturaia. 

MEROPIDil 

Melittophagus  leschenaulti  swinehoei  (Hume) 

Three  adults,  a  male  and  two  females:  Chang-lung,  Salwin  River, 
Yunnan,  March  18,  19,  and  21,  1917. 

Trogonida 

Pyrotrogon  erythrocephalus  erythrocephalus  (Gould) 

One  adult  male:  Namting  River,  Burma  border,  March  30,  1917. 

Rothschild  referred  a  male  and  a  female  from  Shweli-Salwin  Di\'ide 
to  P.  e.  yamakanensis  (Rickett)  of  Fokien.  Our  specimen  certainly  does 
not  represent  that  form,  of  which  I  have  seen  one  fully  adult  male.  I 
have  no  hesitation  in  calling  it  true  erythrocephalus, 

CVCVUDM 

Cuculus  canorus  bakeri  Hartert 

Two  adult  males:  Teng-yueh  Ting  and  Wa-hui,  Yunnan,  April  22 
and  May  16,  1917.  On  the  label  of  one  (killed  April  22  at  Teng->^ch 
Ting)  is  written:  ''Note  A?/-A?i-calling  throughout  the  day.''  These  two 
specimens  seem  to  mo  to  be  haken'.  They  are  quite  as  heavih'  barred 
below  as  in  C.  canorus  canorus,  and  the  color  ot  the  upper  paiis  is  as 
dark  as  in  C.  optaius.  They  have  small  bills,  smaller  than  in  C.  optatiis. 

Centropus  sinensis  intermedius  (Hume) 

Five  specimens,  ])oth  sexes:  Namting  River,  Burma  border;  Chang- 
lung,  Salwin  River;  Meng-ting,  Yunnan;  February  18,  22,  and  28,  and 
March  2  and  22,  1917.  These  specimens  undoubtedly  belong  to  the 
smaller  form;  the  wing  in  the  four  females  ranges  from  205  to  216  mm. 
In  the  single  male  it  is  200  mm.  ' 
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Bhopodytes  tristiB  tristis  (Lesson) 

One  adult  male:  Chang-lung,  Salwi^  River,  Yunnan,  March  20, 
1917.  This  specimen,  with  a  wing  of  163  mm.,  I  refer  to  the  larger 
northern  form. 

Capitonida 

Cyanops  asiatica  Latham 

Two  specimens,  male  and  female:  Chang-lung,  Salwin  River, 
Yunnan,  March  20  and  21,  1917. 

CyanopB  franklini  franklin!  (Blyth) 
One  adult  male:  Tai-ping-pu,  Yunnan,  April  12,  1917. 

Xantholaama  hnmacephala  indica  (Latham) 
One  adult  male:  Namting  River,  Burma  border,  February'  28, 1917. 

PICIDA 

Picus  canuB  sordidior  (Rippon) 

Three  adults,  two  males  and  a  female:  Hui-yao,  Yunnan,  5000  and 
5500  feet  altitude.  May  7,  1917;  and  Malipa,  Burma  border,  3200  feet 
altitude,  March  14,  1917. 

HypopicuB  hyperythruB  BubruflnuB  (Cabanis  and  Heine) 

Two  adult  males:  Li-chiang  Fu,  Snow  Mountains,  Yunnan,  10,000 
feet  altitude,  November  16,  1916. 

DryobataB  parnyi  parnyi  (Verreaux) 

One  adult  male :  Li-chiang  Fu,  Snow  Mountains,  Yunnan,  10,000 
feet  altitude,  November  16,  1916. 

ChrsTBOColaptaB  guttacriBtatuB  BultapouB  Hodgson 

Two  adult  males:  Malipa,  Burma  border,  Februaiy  22,  1917. 
These  are  large  birds,  with  the  wings  176  and  178  mm.  respectively  and 
with  heavy  bills,  and  must,  therefore,  I  suppose,  be  referred  to  this  form. 

Thriponax  JavenBiB  feddeni  (Blaiiford) 
One  adult  male:  Mahpa,  Burma  border,  March  15, 1917. 

Jynx  torquilla  japonica  Bonaparte 
One  adult  female:  Yung-chang  Fu,  Yunnan,  January  28,  1917. 
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KUBYTiArMTDii 

Serilophus  lunatug  lunatUB  Gould 

One  male:  Meng-ting,  Burma  border,  February  19,  1917.    Appar- 
ently referable  to  this  form. 

BXRTJVDJXODM 

Hirundo  ruBtica  gutturalU  Seopoli 
One  adult  male:   Meng-ting,  Burma  border,  February  18,  1917; 

Hirundo  daurica  nipalensis  Hodgson 

One  adult,  sex  not  determined:  Meng-ting,  Salwin  drainage,  Yun- 
nan, February  19,  1917. 

Ptyonoprogne  rupestris  (Seopoli) 

One  female:  Chen-kang,  Salwin  drainage,  Yunnan,  February-  6, 
1917. 

MUSCICAPIDA 

Cyornis  tickellisd  white!  Harington 

One  adult  male:  Chang-lung,  Salwin  River,  Yunnan,  2000  feet 
altitude,  March  21,  1917. 

Niltava  sundara  denotata  Bangs  and  Phillips 

Three  adult  males:  Chang-lung,  Salwin  River  and  Tai-ping-pu, 
Yunnan,  March  18  and  20,  and  April  9, 1917.  These  skins  exactly  match 
the  type  of  the  subspecies  and  differ  from  true  A'',  sundara  in  ha\'ing  the 
back  blacker,  less  purplish,  and  the  under  parts  nnich  paler  and  yellower 
and  in  longer  wing. 

Rothschild  hesitates  to  recognize  denotata j  but  again  going  over  all 
material  available  to  me  I  am  still  incUned  to  do  so. 

Muscicapula  melanoleuca  melanoleuca  (Blyth) 
Four  specimens:  Tai-ping-pu,  Yunnan,  April  12  and  13,  1917. 

Rhipidura  albicollis  albicoUis  (Yieillot) 

Three  adults,  two  males  and  a  female:  Namting  River,  Burma 
border,  and  Mu-cheng,  Salwin  drainage,  Yunnan,  February'  25  and 
March  5,  1917. 
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As  well  as  I  can  determine  these  skins  with  the  limited  Indian 
material  available  to  me,  which  does  not  include  an  example  from  the 
region  assigned  by  Baker  to  his  form,  stanleyi,  they  do  not  belong  to  the 
northern  and  north-eastern  race,  characterized  by  Baker  (1913,  Records 
of  the  Indian  Museum,  VIII,  part  3,  September,  p.  275)  as  Rhipidiira 
alhicoUis  kempi,  new  subspecies.  The  specimens  recorded  by  Phillips 
and  myself  from  Mengtsz  are  quite  the  same  in  color  as  those  in  the 
present  collection. 

The  name  kempi  given  by  Baker  was  preoccupied  by  Rhipidura 
rufifrons  kempi  Mathews  (1912,  Nov.  Zool.,  XVIII,  January,  p.  320)  and 
was  changed  later  by  Baker  to  stanleyi.  It  was,  however,  again  used  for 
still  another  bird,  Rhipidura  flabellifera  kempi  Mathews  and  Iredale  of 
North  Island,  New  Zealand  (Ibis,  1913,  p.  441),  which  may  be  called 
Rhipidura  flabellifera  placabilis,  new  name. 

Culicicapa  ceylonensis  ceylonexuiiB  (Swainson) 

Three  adults,  two  male  and  a  female;  Namting  River  and  Malipa, 
Burma  border,  and  Tai-ping-pu,  Yimnan,  February  22,  March  16,  and 
April  12,  1917. 

Stoparola  thalassina  thslassina  (Swainson)^ 

One  adult  male:  Mu-cheng,  Salwin  drainage,  Yimnan,  5000  feet 
altitude,  Februarj^  15,  1917. 

CAMPEPHAamA 

PericrocotUB  speciosus  specioBUB  (Latham) 

One  adult  male:  Ta-shui-tang,  Salwin  drainage,  Yunnan,  6000  feet 
altitude,  February  2, 1917. 

PericrocotUB  yvatt».*-  new  species 

Two  specimens,  an  adult  male  and  an  adult  female:  Malipa,  Burma 
border,  and  Taiping-pu,  Yunnan,  March  10  and  April  12,  1917. 

Type.— Amer.  Mus.  of  Nat.  Hist.  No.  143365;  a<lult  male;  Malipa,  Burma 
bordnr,  3000  feet  altitude,  March  10,  1917;  R.  C.  AndrewH  ami  E.  Heller. 

Chara(TT':r.s.  -.Adult  male  similar  U)  the  adult  male  of  /*.  xatUhogaster  lantho- 
qnster  (Raffle.^)  and  with  the  four  outer  |)rimari(»8  without  red  but  slightly  larger, 
and  red  on  secrondaries  continuous  from  base  to  near  tip  on  outer  webs  of  feathers 


iPor  rhango  in  tho  sperifio  iiAmo  from  mrlanopn  Wg.  to  thahsttina    (Swainson),   nee  Ohorholier, 
1919,  Pror.  Biol.  Sor.  WiihIi..  XXXII,  p.  240,  Decomher  31. 
'Named  in  honor  of  Mrs.  AndrrwN. 
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(in  F.  xanthogaster  the  red  on  the  secondaries  is  arranged  in  spots  near  the  tips  of 
the  feathers  which  are  separated  from  the  red  bases  by  black);  red  of  under  partj? 
nearly  scarlet-red  (nearly  .scarlet  in  P.  xanthogaster).  Adult  female  similar  to  the 
female  of  P.  xanthogctsttr. 

Measurements 

A.  M.  X.  H.  No.  Se.x  Wing  Tail  Tarsus  Culraen 

143365  d^  ad.  94  mm.  105  mm.         14.5  ram.  11mm. 

143367  9  ad  87  94  14.0  11 

I  feel  a  little  hesitation  in  describing  this  form  on  the  strength  of  one 
adult  male,  still  I  have  been  unable  to  match  this  specimen  at  all  nearly, 
nor  can  I  find  the  description  of  a  Minivet  which  could  apply  to  this  one. 
The  female,  which  I  refer  to  this  species  because  it  certainly  is  not  the 
female  of  breinrosiris  or  spedosus,  I  cannot  distinguish  from  females  of  P. 
xantogoiiier  from  Sumatra  in  color  or  markings,  except  that  in  this  one 
example  there  is  no  yellow  on  the  secondaries  except  at  the  base. 

The  red  markings  in  the  wing  of  the  male  are  very  striking,  gi\ing 
two  broad  red  stripes  down  the  closed  wing,  with  black  between  them, 
one  along  the  primal  ies,  the  other  along  the  secondaries. 

Pericrocotus  brevirostris  ethologus  Bangs  and  Phillips 

One  adult  male:  Tai-ping-pu,  Yunnan,  April  12,  1917.  This  Ls  an 
intensely  colored  individual  not  extremely  typical  of  this  form.  When 
Phillips  and  I  (1914,  Bull.  Mus.  Comp.  Zool.,  LVIII,  No.  6,  pp.  282-283) 
divided  this  species  into  three  subspecies  we  allowed  a  typographical 
error  to  creep  into  one  of  our  new  names,  which  we  did  not  detect  till 
long  afterward,  probably  because  the  printed  fl  and  /  look  so  alike.  The 
name  we  gave  the  more  western  subspecies  should  })e  Pericrocoiuii  hreviros- 
iriH  favillacevs  (favillaceus,  like  glowing  ashes  or  embers)  not  *'*  fla\il- 
laceus/'  as  it  appeared,  which  has  no  meaning.  I  believe  even  at  this 
late  date  the  rules  of  nomenclature  allow  such  a  correction  to  be  made. 

PYCNONOTIDiB 

JSgithina  tiphia  tiphia  Linnseus 
One  male  in  grec^n  plumage:  Chang-lung,  Yunnan,  March  19,  1917. 

Chloropsis  hardwickii  (Jardin  and  Selby) 

Fom*  adults,  both  sexes:  Chang-lung  and  Mu-cheng,  Salwin  River. 
Yunnan,  February  15  and  March  18  and  21,  1917. 

Chloropsis  icterocephala  chlorocephala  (Walden) 

Two  males:  Xamting  River,  Burma  border,  February  21  and  2S. 
1917. 
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Hypsipetes  leucocephalus  (Gmelin) 

Two  adults,  male  and  female :  Namting  River,  Burma  border,  and 
Yoakuan,  Yunnan,  January  21  and  February  21,  1917. 

The  male  of  this  pair  has  a  pure  white  head,  neck,  and  chest;  the 
rest  of  the  under  parts  are  clear  ashy  gray  with  no  black  intermixed. 
Such  a  condition  of  plumage  is  apparently  rare.  Most  birds  with  pure 
white  heads  have  the  under  parts  black  or  much  mixed  wdth  black.  One 
or  two,  however,  in  a  long  series  from  other  parts  of  China  match  this  one. 

The  female  I  at  first  inclined  to  refer  to  some  other  species.  Like 
the  male,  it  has  no  black  on  the  under  parts,  which  are  wholly  gray,  but 
there  is  no  white  at  all  on  its  head.  I  have  seen  some  skins,  however, 
from  Hupeh  and  Mengtsz,  Yunnan,  that  have  hardly  any  white  on 
the  head  and  that  almost  match  it.  It  has  no  black  on  the  cheek  and 
therefore  cannot  be  referred  to  H,  concolor  Blyth. 

The  extraordinary  range  of  variation  in  color  in  this  species  seems  to 
be  individual  rather  than  due  to  age.  I  have  before  me  black-breasted 
birds  with  wholly  white  heads  and  others  with  only  a  few  white  feathers 
in  the  head,  and  gray-breasted  birds  with  and  without  white  heads,  and 
all  sorts  and  kinds  of  intermediates. 

Hemixus  flavala  flavala  (Hodgson) 
One  male:  (^hang-lung,  Salwin  River,  Yunnan,  March  19,  1917. 

lole  maclellandi  similis  Rothschild 
One  male :  Ta-shiu-tang,  Salwin  drainage,  Yunnan,  February  3, 1917. 

Alcurus  striatufi  (Blyth) 
One  adult  female:  Tai-ping-pu,  Yunnan,  April  9,  1917. 

Molpastes  cafer  burxnanicus  (Sharpe) 

Three  adults,  two  males,  one  with  sex  not  determined:  Yung-chang 
Fu,  Yunnan,  January  24,  27,  and  28,  1917. 

Pycnonotus  xanthorrhouB  zanthorrhous  J.  Anderson 

Four  adults,  both  sexes:  Wan-tien,  Li-chiang  Fu,  Chang-lung,  and 
Hui-yao,  Yunnan,  November  11,  1916,  March  19,  and  May  1,  16  and 
17,  1917.  These  are,  of  course,  true  xanthorrhoiu<  of  Anderson.  A  large 
series  collected  by  Zappey  in  Hupeh  represents  quite  a  diflfcrent  form, 
distinguished  by  being  slightly  larger,  paler  brown  above,  and  with  the 
brown  band  across  the  chest  much  paler  and  less  sharply  contrasted. 
This  is  Pycnonotus  xanthorrhous  andersoni  (Swinhoe);  type  locality, 
Ichang. 


586  Bulletin  Americafi  Museum  of  Natural  History  [Vol.  XLIV 

Otocompsa  exneria  emeria  (Linnseus) 

Six  adults,  both  sexes:  Malipa,  Burma;  Chang-lung  and  Meng- 
ting  Yunnan,  February  17,  March  12  and  21,  1917. 

Otocompsa  flaviventris  flavivantris  (Tickell) 
One  adult  male:  Chang-lung,  Yunnan,  March  19,  1917. 

Spizizos  canifrons  Blyth 

Five  aults,  both  sexes:  Tai-ping-pu  and  Chen-kang,  Yunnan, 
February  7  and  April  8,  9,  and  12,  1917. 

TaaojiDM 

lanthocincla  lanceolata  lanceolata  J.  Verreaux 

One  adult  male :  Mu-cheng,  Salwin  drainage,  Yunnan,  February  13, 
1917.  I  cannot  distinguish  this  skin  in  any  way  from  specimens  from 
the  mountains  of  Hupeh. 

lanthocincla  lanceolata  bonyaloti  (Oustalet) 

One  adult  male:  Li-chiang,  Snow  Mountains,  Yunnan,  10,000 feet 
altitude,  November  16,  1916.  This  specimen  is  indistinguishable  from 
examples  taken  by  Zappey  in  the  high  mountains,  9000  to  14,000  feet 
altitude,  of  extreme  western  Szechwan. 

These  two  specimens  are  both  in  unworn,  fresh  plumage  and  I  have 
had  ample  material,  collected  by  Zappey  in  Hupeh  and  Szechwan,  with 
which  to  compare  them. 

It  is  interesting  to  get  both  forms  in  Yunnan,  and  there  as  in  south- 
western China  to  find  the  small  paler  form,  lanceolata ^  at  lower  and  the 
large  darker  form,  bonvaloii,  at  higher  altitudes. 

In  the  series  now  before  me,  in  7  adults  of  lariceolata  the  wing  ranges 
from  91  to  98  mm.;  in  4  adults  of  bonvaloii  from  106-113.  In  fresh 
plumage  bonvaloii  is  darker  than  lanceolata  with  the  browns  of  the  head 
and  back  deeper  and  richer,  and  the  stripes  on  the  under  parts  both 
heavier  and  darker  in  color. 

lanthocincla  erythrocephala  woodi  (Stuart  Baker) 

One  adult  male:  Mu-cheng.  Salwin  drainage,  Yunnan,  February 
14,  1917;  "caught  in  a  steel  trap  set  in  the  forest.'*  This  skin  agrees 
very  well  with  Stuart  Baker's  description  and  undoubtedly  represents 
the  very  distinct  form  recently  described  by  him.  It,  No.  143413  Amer. 
Mus.  of  Nat.  Hist.,  affords  the  following  measurements:  Wing,  104; 
tail,  119;  tarsus,  41.5;  exposed  culmen,  20  mm. 
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lanthocincla  ellioti  (Verreaux) 

One  adult  male:  Li-chiang,  Snow  mountains,  Yunnan,  10,000  feet 
altitude,  November  9,  1916.  Aft^r  a  very  careful  comparison  of  this 
skin  with  the  long  series  collected  by  Zappey  in  Hupeh  and  Szechwan,  I 
can  detect  not  the  slightest  difference. 

Rothschild  reached  the  same  conclusions  from  a  study  of  his 
material,  but  hesitated  to  throw  J.  ellioti  honoripeta  Hartert,  the  sup- 
posedly darker  Yunnan  form  into  synonymy,  thinking  it  might  be  a 
form  that  reached  the  province  only  on  migration.  I  think  there  is 
little  doubt  that  the  name  is  a  pure  synonym. 

lanthocincla  cinereiceps  styani  (Oustalet) 

One  adult  male:  Malipa,  Burma  border,  3600  feet  altitude,  March 
16,  1917.  This  specimen  represents  true  styani  with  a  black  cap  and 
yellowish-brown  ear-coverts.  The  one  skin  taken  February  6  and  prob- 
ably a  migrant,  recorded  by  Phillips  and  myself  from  near  Mengtsz, 
Yunnan,  under  the  name  styani  proves  on  comparison  to  be  /.  c. 
cinereiceps  (Styan).  The  black  cap,  I  have  lately  been  told  by  La 
Touche,  is  only  a  sign  of  maturity,  and  is  acquired  by  old  birds  of  both 
forms.  The  two  subspecies  can,  however,  be  distinguished  easily  by  the 
colors  of  the  ear-coverts  and  of  the  under  parts. 

Pomatorhinus  macclellandi  odiciu  Bangs  and  Phillips 

Two  adults,  male  and  female :  Mu-cheng,  Salwin  drainage,  Yunnan, 
February  10  and  13, 1917.  These  agree  exactly  with  the  Mengtsze  speci- 
mens upon  which  the  subspecies  was  based. 

Oarrulaz  leucolophus  leucolophus  (Hanlwick) 

Two  males:  Malipa,  Burma,  March  14,  1917.  These  seem  to  l)e 
quite  typical,  showing  no  characters  (»ven  approaching  thos(»  of  G.  I. 
belangeri  Ix»sson. 

Oarrulaz  pectoralis  pectoralU  ((lould) 

One  adult  female:  Malipa,  Burma,  March  14,  1917.  This  sjx^ci- 
men  appears  to  be  nearer  the  bird  of  the  Hinmlayas  than  it  is  to  the 
southern  G.  p.  meridionalis  Stuart -leaker. 

Dryonastas  chinensis  chinensis  (Scopoli) 

Two  adults,  male  and  female:  Chung-lung.  Salwin  River,  Yunnan, 
2000  feet  aUitude,  March  18  and  21,  1917. 
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Dryonastes  sannio  albosuperciliaris  (Godwin-Austen) 

Two  adult  females:  Wan-tien  and  Mu-eheng,  Yunnan,  Februarj- 
13  and  May  14,  1917.  With  ample  material  I  now  have  no  hesitation  in 
recognizing  two  forms  of  D.  sannio:  D,  sannio  sannio  (Swinhoe),  central 
and  southeastern  (>hina,  more  reddish  olive  above  with  more  rusty  tail, 
and  Z>.  *'.  alhosuperciUaris  (Godwin- Austen),  Manipur  to  Yunnan,  ohve 
above  with  much  less  rusty  tail. 

Pellorneuxn  ruficeps  minus  Hume 

Two  adults,  male  and  female:  Chang-lung,  Salwin  River,  Yunnan, 
and  Mahpa,  Burma  border,  March  15  and  23,  1917.  These  two  skins 
are,  I  think,  best  called  minus,  though  they  appear  to  be  somewhat  inter- 
mediate between  that  form  and  P.  r.  mandellii  Blanford. 

Drymocataphus  tickelli  tickelli  (Bl>i:h) 

One  male:  Namting  River,  Burma  border,  1700  feet  altitude, 
February  25, 1917 ;  **  caught  in  a  rat  trap  set  in  the  forest."  I  have  seen 
no  other  skins  of  this  species  and  have  identified  the  specimen  as  best  I 
can  by  Harington\s  ^  Notes  on  the  Indian  Timelliides  and  their  Allies' 
(1915,  Journ.  Bomb.  Nat.  Hist.  Soc,  XXIII,  p.  435).  He  thinks  true 
tickelli  and  assamensis  Sharpe  will  prove  to  be  one  and  the  same.  Cer- 
tainly this  skin  is  not  ^^rufescenf  olive-brown  above. 

Alcippe  phseocephala  xnagnirostrig  Walden 

One  adult  male:  Namting  River,  Burma  border,  1700  feet  altitude, 
February  21,  1917.  This  specimen,  with  no  whitish  eye-ring  and  ver}' 
well-marked  black  stripes  on  the  side  of  the  head,  I  refer  without  much 
doubt  to  this  fcnin,  of  which,  however,  I  have  seen  no  other  examples. 

Shoeniparus  genestieri  (Oustalet) 

Three  spccimc^ns,  two  males  and  a  female:  Ho-mu-shu  Pass,  8000 
feet  altitude,  and  Mii-cheng,  Salwin  drainage,  7000  feet  altitude. 
Yunnan,  February  10  and  April  4,  1917. 

Mixornis  rubricapilla  sulphurea  (Rippon) 

Two  adults,  male  and  female:  Meng-ting,  Burma  border,  and 
Chang-lung  Salwin  drainage,  Yunnan,  Fe])ruary  18  and  March  18,  1917. 

Myiophoneus  eugenei  eugenei  Hume 

Four  adults,  ])oth  sexes:  Namting  River,  Burma  border,  and 
Yung-chang,  Yunnan,  January  28,  February  18  and  28,  and  !March  2. 
1917. 
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Rothschild  is  wholly  right  in  his  suspicion  that  M,  eugenei  and  M. 
tibetanus  Madar&sz  are  in  reality  one  and  the  same.  The  skins  of  the 
so-called  tibetantis  collected  by  Zappey  in  high  western  Szechwan  are  in 
every  way  like  Yunnan  specimens  of  eugenei.  '  This  I  detected  long  ago, 
when  we  first  received  a  series  of  eugenei. 

Lioptila  annectens  annectens  Blyth 

One  adult  male:Mu-cheng,  Salwin  drainage,  Yunnan,  5000  feet 
altitude  Februarv  15,  1917.  The  flanks  and  undertail  coverts  in  this 
specimen  are  rather  paler,  otherwise  it  agrees  with  birds  in  the  Mu- 
seum of  Comparative  Zoology  from  Manipur  with  the  back  Sanford's 
brown.  L.  annectens  saturatiiSj  which  I  have  not  seen,  is  said  to  have 
the  back  '^rich,  deep  chestnut." 

Lioptila  desgodinsi  (David  and  Oustalet). 

Two  adults,  male  and  female:    Tai-ping-pu  and  Yao-kuan, 
Yunnan,  6000  to  7000  feet  altitude,  January  31  and  April  12,  1917. 

Staphidia  striata  (Blyth) 

One  adult  male:  Chang-lung,  Salwin  River,  Yunnan,  2000  feet 
altitude,  March  20,  1917. 

Siva  cyanuroptera  wingatai  Ogilvie-Grant 

Two  adults,  male  and  female:  Hui-yao  and  My-cheng,  Yunnan, 
February  10  and  May  1,  1917. 

Tuhina  diademata  axnpelina  Rippon 

Two  adults,  male  and  female :  Li-chiang,  Snow  Mountains,  10,000 
feet  altitude,  November  1 1  and  12, 1917.  These  specimens  are  no  darker 
than  examples  from  Hupeh  and  Szechwan — in  fact,  one  of  them  is  lighter 
in  color  than  true  diadeniata.  I  might  add  that,  in  comparing  examples 
of  this  species,  it  is  well  to  compare  only  those  taken  at  approximately 
the  same  season  of  the  year,  spring  and  summer  specimens  being  much 
lighter  in  color  than  autumn  and  winter  ones. 

I  follow  Rothschild  in  the  name  used  for  the  bird  of  western  Yunnan, 
as  I  am  afraid  I  do  not  know  the  real  characters  of  ampelina. 

Tuhina  occipitalis  obscurior  Rothschild 
Two  adults,  male  and  female:  Lung-ling,  Yunnan,  March  27,  1917. 

Ixulus  flavicollis  rouxi  Oustalet 
One  adult  male:  Tai-ping-pu,  Yunnan,  April  2,  1917. 
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Cutia  nepalensiB  nepalf  dbIb  Hodgson 

One  adult  male:  Ho-mu-shu  Pass,  Yunnan,  8000  feet  altitude, 
April  5,  1917. 

Pterythius  ssralatuB  ricketti  Ogilvie  Grant 

One  adult  female:  Ho-mu-shu  Pass,  Yunnan,  8000  feet  altitude, 
April  7,  1917.  There  is  a  note  on  the  label  of  this  specimen  reading 
"contained  eggs." 

Mesia  argentauris  argentauris  Hodgson 

One  adult  male:  20  miles  south  of  Chen-kang,  Salwin  drainage, 
Yunnan,  February  7,  1917. 

TAOaLODTTIDJB 

SpelflBornis  souliei  Oustalet 

One  male:  Tai-ping-pu,  Yunnan,  7000  feet  altitude,  April  12,  1917; 
"  caught  in  a  rat  trap  set  in  the  forest."  I  have  compared  this  skin  with 
Oustalet's  description  and  beUeve  it  io  belong  to  the  species  he  described 
as  souliei.  It  is,  however,  the  only  specimen  of  the  species  that  I  have 
seen. 

Pnoepyga  pusilla  pusilla  Hodgson 

Two  specimens,  male  and  female:  Ho-nm-shu  Pass,  Yunnan,  7000 
feet  altitude,  and  Namting  River,  Burma  border,  1700  feet  altitude, 
February  25  and  April  8,  1917.  Both  examples  were  caught  in  traps  set 
for  small  mammals  in  the  forest. 

TURDIDJB 

Turdus  xnerula  xnandarinus  Bonaparte 

Two  adults,  male  and  female:  Yung-chang,  Yunnan,  January  24 
and  29,  1917. 

Turdus  castaneus  gouldi  (Verreaux) 

Four  specimens,  three  adults,  both  sexes,  and  an  immature  female: 
Li-chiang,  Snow  Mountains,  10,000  feet  altitude,  Yoa-kuan,  and  Tai- 
ping-pu,  Yunnan,  November  10  and  14,  1916,  January  31  and  April 
10,  1917. 

Turdus  dissimiiis  Blvth 

Two  adults,  male  and  female:  Chanj>-lung,  Salwin  River,  Yunnan. 
March  18,  1917. 
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TurduB  aiiritus  conquiBitUB,  new  subspecies 

Type  and  only  specimen. — ^No.  143452,  Amer.  Mus.  of  Nat.  Hist.;  adult  female; 
Li-chiang,  Snow  Mountains,  10,000  feet,  Yunnan;  November  16, 1916;  R.  C.  Andrews 
and  E.  Heller. 

Characters. — Similar  to  Turdus  auritus  auritus  Verreaux,  but  imder  parts 
much  more  heavily  spotted  with  black,  especially  on  sides  and  flanks,  all  the  spots 
larger  and  more  intensely  black  less  brownish  black.  Wing,  124  mm.;  tail,  91  mm.; 
tarsus,  36  mm.;  culmen,  to  base  of  forehead,  23. 

When  I  first  compared  the  Yunnan  skin  with  one  adult  ofT.a.  auritus,  collected 
by  Zappey  in  western  Szechwan,  both  killed  in  November,  I  was  at  once  struck  by 
the  great  difference  in  the  spotting  of  the  under  parts  and  made  a  note  to  that  effect 
but  did  not  name  the  Yunnan  bird  having  only  one  skin  from  each  region.  Since  then 
Rothschild  has  called  attention  to  exactly  the  same  difference  shown  by  his  one  adult 
from  Yunnan,  compared  with  his  one  adult  from  the  Tsin  Ling  Mountains,  and  now 
no  reason  remains  for  not  giving  the  Yunnan  form  a  name. 

Turdus  molliflsixnus  Blyth 

One  adult  female:    Li-chiang,  Snow  Mountains,  Yunnan,  10,000 
feet  altitude,  November  9,  1916;  **  caught  in  a  steel  trap.'' 

Monticola  solitarius  pandoo  (Sykes) 
One  adult  male:  Tung-chang  Fu,  Yunnan,  January-  26,  1917. 

Monticola  erythrogaster  Vigors 

One  adult  male:  Ho-mu-shu  Pass,  Y'unnan,  8000  feet  altitude, 
April  9,  1917. 

Enicurus  schistaceus  Hodgson 
One  female:  Namting  River,  Burma  border,  February  25,  1917. 

ChixnarrhorniB  leucocephala  (Vigors) 

Two  adults,  male  and  female:  Mu-cheng,  Salwin  drainage,  and 
Yuan-chiang-Chou,  Y'^unnan,  January  26  and  February  16,  1917. 

PhoBnicurus  hodgsoni  (Moore) 

Two  specimens,  male  and  female:  Yung-chiang-chou,  Y'unnan, 
Januarv  27,  1917. 

Calliope  calliope  calliope  (Pallas) 

Two  adults,  male  and  female:  Namting  River,  Burma  Imrder  and 
Chang-lung,  Yunnan.  March  2  and  21,  1917. 
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lanthia  rufilata  practica  Bangs  and  Phillips 

Two  specimens,  male  and  female:  Mu-cheng,  Yunnan,  February' 
10  and  14, 1917.  The  male,  a  fine  adult  in  full  plumage,  has  the  blue 
parts  of  its  plumage  a  little  deeper  and  slightly  more  purplish  than  in 
the  type  of  practica.  There  is  also  some  slight  white  at  the  bases  of  the 
superciliaries. 

Notodela  leucura  (Hodgson) 

Two  adult  males:  Namting  River,  Burma  border,  1700  feet  alti- 
tude, February  20  and  21,  1917.  These  two  specimens  show  a  wing 
measurement  of  95  mm.  in  one  and  97  mm.  in  the  other. 

Copsychus  saulariB  Baularis  (Linnseus) 
One  female:   Meng-ting,  Burma  border,  February  18,  1917. 

Sazicola  torquata  przewalskii  Pleske 

Three  specimens,  two  males  and  a  female:  Yung-chang  Fu,  Yun- 
nan, January  27  and  28,  1917. 

Oreicola  Jerdoni  Blyth 
One  adult  male:  Namting  River,  Burma  border,  Februarj^  22,  1917. 

Oreicola  ferrea  harinertoni  Hartert 

Three  specimens,  a  male  and  two  females:  Malipa,  Burma  border, 
and  Wan-tien,  Yunnan,  March  14  and  May  14,  1917. 

Stlviida 

MegaluruB  palustris  andrewsi,^  now  subspecies 
Two  adult  males:   Malipa,  Burma,  and  Meng-ting,  Burma  border, 
February  18  and  ]\Iarch  14,  1917. 

Tvi»E. — Xo.  14347S.  Amor.  Miits.  of  Nat.  Hist.;  adult  male:  Mcng-tinp.  Burma 
border;  Ff'l)ruary  IS,  1917;  l\.  C  Andrews  and  E.  Heller. 

CHAUACTEEts.  -Similar  to  M.  pulusfriti  paJu.siris  Hor-^ford  from  Java  and  of 
about  the  same  size,  difierinj*  in  the*  black  stripinp  of  the  upper  parts  being  wider  and 
more  inten.<ely  l)lack :  the  brown  of  UT)T>er  parts  deeper,  brighter,  more  reddish  brown. 
esi)eeially  on  the  crown.  The  general  color  of  upj)er  parts  in  M.  palustris  palustris 
is  clay-(^olor  to  buck-thorn  brown;  general  color  of  upper  parts  in  the  new  form  i^ 
ochraceous  tawnv,  jdmost  tawnv  on  the  crown. 

^ Named  in  honor  of  Key  Cliapman  Androwb. 
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Measurements 

Exposed 

Sex 

Locality 

Wing 

Tail 

Tarsus 

Culmen 

A.  M.  N.  H.       cT 

Burma  border 

107  mm. 

135  mm. 

41  mm. 

17.5  mm 

No.  143478 

Meng-ting 

a;m.n.h.      cf 

Burma 

106 

133 

42 

18.0 

No.  143477 

Malipa 

M.  C.  Z.  No.      9 

India 

94 

124 

37 

16.0 

34207 

Buxa  Doars 

I  cannot  find  that  the  Indian  and  Burmese  form  has  ever  been  sepa- 
rated from  the  typical  Javanese  bird.  Gray  (1848,  'Gen.  Birds/  I, 
p.  169,  PI.  XLViii)  figured  a  young  bird  in  the  very  yellowish  pliunage 
and  named  it  Megalurus  citrinus.  He  did  not  state  where  his  specimen 
was  from,  and  Sharpe  in  Vol.  VII  of  the  catalogue  of  birds  does  not  claim 
the  type  in  the  British  Museum.  I  beUeve  the  young  as  figured  by  Gray 
could  not  be  positively  identified  as  that  of  either  one  or  the  other  sub- 
species. 

Both  the  Javanese  and  Burmese  forms  are  much  browner,  less  gray- 
ish, than  the  Philippine  bird,  M.  paltistrisforbesi  Bangs. 

Phylloscopus  f uscatUB  (Blyth) 
One  female:  Yuan-chiang-Chou,  Yunnan,  January  27,  1917. 

PhylloscopuB  davisoni  (Oates) 
One  male:  Wan-tien,  Yunnan,  May  15, 1917. 

Phylloscopus  proregulus  forresti  Rothschild 

One  male:  Yung-<!hang  Fu,  Yunnan,  January-  27,  1917. 

This  specimen,  in  winter  plumage,  fits  the  description  of  the  lately 
described  forresti  well,  except  that  it  has  the  extreme  base  of  the  lower 
mandible  of  a  pale  color. 

Phylloscopus  huxnei  promiuxn  Mathews  and  Iredale 

One  male:  Chang-lung,  Salwin  River,  Yunnan,  March  21,  1917. 
This  is,  of  course,  the  bird  we  used  to  know  as  P.  snperciliosus  super- 
cilios us  ( C moli n ) . 

Phylloscopus  lugubris  (Blyth) 
One  male:  Wan-tien,  Yunnan,  May  15,  1917. 

Horornis  canturians  (Swinhoe) 
Two  males:  Yung-chang  Fu,  Yunnan,  January  28,  1917. 
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Prinia  inornata  eztar  Thayer  and  Bangs 
Two  females:  Yung-chang  Fu,  Yunnan,  January  27,  1917. 

PRIONOPIDii 

HemipuB  picatus  capitalis  (McClellan) 
One  male:  Chang-lung,  Salwin  River,  Yunnan,  March  20,  1917. 

Laniidjb 
Lanius  schach  tephronotUB  (Vigors) 

Two  specimens,  adult  male  and  immature  male:  Yung-chang  Fu, 
Yunnan,  January  27  and  28,  1917. 

•Lanius  nigriceps  nigriceps  Franklin 
One  adult  female:  Meng-ting,  Burma  border,  February  18,  1917. 

Lanius  colluroides  I^eSvSon 

Two  adult  females:  Chang-lung  and  Yung-chang  Fu,  Yunnan, 
January  28  and  March  21,  1917. 

Pabidjb 

Parus  major  commixtus  Swinhoe 

Two  males:  Yung-chang  Fu,  Yunnan,  5500  feet  altitude,  Januarj- 
27  and  28,  1917.  These  skins,  like  many  taken  bj^  Zappey  in  parts  of 
western  Szechwan,  are  not  extreme  commixtus  but  are  nearer  to  it  than 
they  are  to  any  of  the  other  races.  The  wing  measures  70  mm.  in  one  of 
these  and  74  mm.  in  the  other. 

SiTTIDJB 

Sitta  europea  nagaensis  Godwin  Austen 

One  adult  female:  Ho-nui-shu  Pass,  Yunnan,  8000  feet  altitude, 
April  4,  1917.  This  specimen  is  nmch  grayer,  less  rusty  below,  than  in 
any  of  our  skins  of  S.  europea  montium  LaTouche  and,  if  the  two  are 
distinct,  should,  I  believe,  be  referred  to  magxnsia. 

Sitta  frontalis  corallina  Hodgson 

Three  adult  females:  Malipa,  Burma  and  Namting  River,  Burma 
border  and  Chang-lung,  Salwin  Kiver,  Yunnan,  February  23  and  March 
13  and  20,  1917. 

Indian  and  Burmese  birds  are  slightly  different  from  true  S.  frontalis 
of  Java.  They  are  somewhat  i)aler  below  with  a  vinaceous  rather  than 
a  lilaceous  tinge  and  have  a  more  extended  white  throat-patch. 
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I  follow  Hellmayr  and  unite  all  the  true  nuthatches  in  one  genus, 
being  loath  to  accept  the  excessive  subdivision  of  the  genus  proposed  by 
Buturlin  in  his  recent  (1911)  review. 

CXBTHIIDii 

Certhia  di8Co!or  discolor  Blyth 
One  adult  male:    Tai-ping-pu,  Yunnan,  7000  feet  altitude,  April 
9,  1917. 

Z08TER0PIDJB 

Zosterops  palpebrosa  simplex  Swinhoe 

Two  adults,  male  and  female:  Chang-lung,  Salwin  River,  Yunnan, 
and  Malipa,  Burma  border,  March  15  and  21,  1917. 

Dic»uxn  xninuUiun  olivaceuxn  Walden 
One  female:  Chang-lung,  Salwin  River,  Yunnan,  March  20,  1917. 

NECTARINIIDii 

JEthopyga  ignicauda  (Hodgson) 

One  inmiature  male  (in  change  from  young  to  adult  plumage): 
Yoakuan,  Yunnan,  6000  feet  altitude,  January  31,  1917. 

JEthopyga  nipalensis  (Hodgson) 

Two  adults,  male  and  female :  Mu-cheng  and  (?hang-lung,  Yunnan, 
February  16  and  March  18,  1917. 

JEthopyga  dabryi  (J.  Vorreaux) 

Four  adult  males:  Wan-tion,  Ta-shui-tang  and  Mu-chcng,  Yunnan, 
February  2,  3  and  16,  and  May  14,  1917. 

MOTACILLIDA 

Motacilla  alba  hodgsoni  Blyth 
One  adult  female:  Yung-chang  Fu,  Yunnan,  January  27,  1917. 

Motacilla  alba  ocularis  Swinhoe 
One  adult  male :  Yung-chang  Fu,  Yunnan,  January  27,  1917. 

Motacilla  cinerea  melanope  Pallas 
One  immature  male:  Yung-chang  Fu,  Yunnan,  January  27,  1917. 
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AnthuB  hodgsoni  Richmond 

Two  specimens,  male  and  female :  Yung-chang  Fu,  Yunnan,  January 
27  and  28,  1917. 

Lately  Uchida  and  Kuroda  (1916,  Annotationes  Zoologicse  Japonen- 
ses,  IX,  p.  134)  have  named  a  form  from  Yunnan  ArdhVrS  niacid^ttus 
yunnanensisj  apparently  based  upon  migrant  birds.  The  only  char- 
acter ascribed  to  the  new  form  is  a  smaller  bill  than  in  the  typical  bird. 
The  two  specimens  listed  above  have  rather  small  bills,  but  five  winter 
birds  from  Mengtsz  are  quite  like  examples  from  anywhere  else  in  this 
respect.  In  a  good  series  of  breeding  birds  from  the  high  mountains  of 
Hupeh  and  Szechwan  I  find  a  good  deal  of  individual  variation  in  the 
size  of  the  bill,  as  also  in  breeding  birds  from  Sachalin  Island,  and  I  do 
not  believe  yimnanensis  is  a  recognizable  form. 

Sarundy,  in  1909,  named  the  breeding  bird  of  south-western  Kansu 
Anthus  maculatiis  berzowskii,  on  the  character  of  a  grayer  back  with 
blacker  shaft  markings.  I  have  seen  no  specimens  from  Kansu,  but  all 
mid-summer  examples  that  I  have  examined  show  these  two  charac- 
teristics to  a  marked  degree  when  compared  with  winter  or  spring  killed 
individuals  from  the  same  regions. 

I  am  inclined  to  believe  that  Rothschild,  in  using  berezowskn  as  the 
name  of  the  species,  overlooked  the  fact  that  A,  hodgsoni  Richmond, 
as  a  substitute  for  the  preoccupied  Anthus  maculsUus  Jerdon,  dates  from 
1907,  and  A.  berezow^kii  Sarundy  dates  from  1909;  but  perhaps  he  did 
not  and  meant  to  treat  berezoivskii  as  a  species  distinct  from  hodgsoni. 

Ybuxquajdm 

Eophona  migratoria  migratoria^  Hartert 
One  female:  Yung-chang  Fu,  Yunnan,  January  28,  1917. 

Spinus  ambiguus  Oustalet 

Two  males:  Yung-chang  Fu,  Yunnan,  5500  feet  altitude,  January 
28,  1917. 

Passer  montanus  montanus  (Linnseus) 

One  adult  male:  Yung-chang  Fu,  Yunnan,  Januar>'  28,  1917.  I 
cannot  distinguish  this  specimen  from  European  birds.  It  apparently 
does  not  approach  P.  montamis  malaccensis  Dubois  of  tropical  India, 
Malaya,  etc. 


'For  the  change  of  the  specific  name  from  melamtra  to  mioratoria,  aee  Penard,  1919,  Proc.  New 
Eng.  Zool.  Club,  VII.  p.  22,  October  31. 
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Passer  rutilans  cinnamomea  (Gould) 

One  adult  male:  Lung-ling,  Yunnan,  5000  feet  altitude,  March  27, 
1917. 

Rothschild  records  the  specimens  taken  by  Forrest  as  Passer  ruti- 
lans assimilis  Walden.  I  cannot  reconcile  any  Yunnan  skin  examined  by 
me  with  Walden's  description  which  calls  for  a  bird  with  "the  cheeks 
and  sides  of  the  neck  pure  white,  and  the  breast,  flanks  and  ventral 
region  ashy  grey."  All  specimens  from  Yunnan  as  well  as  those  from 
western  Szechwan  that  I  have  seen  have  yellow  cheeks  and  sides  of  the 
neck,  and  are  strongly  washed  with  yellow  all  over  the  under  parts,  and 
appear  to  me  indistinguishable  from  birds  from  the  eastern  Himalayas. 

Zappey,  however,  took  in  Hupeh  and  eastern  Szechwan  seven  spar- 
rows that  Thayer  and  I  referred  to  P.  rutilans  rutilans  (Temminck). 
These  skins  agree  well  with  Walden 's  description,  but  I  cannot  see 
much  difference  between  them  and  Japanese  birds,  except  that  some,  not 
all,  of  them  are  intermediate  between  rutilans  and  cinnamomea. 

Carpodacus  edwardsii  Verreaux 

One  male  in  plumage  similar  to  that  of  the^female:  Tai-ping-pu, 
Yunnan,  April  9,  1917. 

Psrrrhula  ersrthaca  altera  Rippon 

One  adult  male:  Li-chiang,  Snow  Mountains,  Yunnan,  10,000 
feet  altitude,  November  11,  1916. 

Emberiza  pusilla  Pallas 

Three  specimens,  two  males  and-a  female:  Malipa,  Burma  and 
Yung-chang  Fu,  Yunnan,  January  28  and  March  13,  1917. 

Emberiza  spodocephala  melanops  Blyth 

Two  males:  Chang-lung,  Salwin  River,  Yunnan,  March  21  and  24, 
1917. 

Melophus  melanicterus  (GmeUn) 

One  immature  male:  Namting  River,  Burma  border,  February  23, 
1917. 

PLOCEIDiB 

Mania  punctata  topela  Swinhoe 

One  immature  female:  Namting  River,  Burma  border,  February 
28,  1917. 
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STURNIDil 

Sturnia  nexnoricola  Jerdon 

Two  females:  Namting  River,  Burma  border,  and  Chang-lung, 
Salwin  River,  Yunnan,  February  25  and  March  20, 1917. 

Oracupica  nigricoUis  (PaykuU) 

Three  adults,  two  males  and  a  female:  Meng-ting,  Biurma  border, 
February  28,  1917. 

Acridotheres  tristiB  (Linnseus) 
Two  adults,  male  and  female :  Shih-tien,  Yunnan,  January  30, 1917. 

JEthiopsar  cristatellus  crlstatallus  (Gmelin) 

Seven  adults,  both  sexes:  Malipa,  Burma,  Yoa-kuan  and  Hsiao,^ 
Salwin  drainage,  Yunnan,  January  30,  February  3,  March  12  and  13, 
1917;  "often  seen  feeding  on  the  backs  of  buffalo." 

JEthiopsar  albocinctus  Godwin-Austen  and  Walden 
One  adult  female:  Malipa,  Burma,  March  13,  1917. 

OmouDiB 

Orlolus  indicuB  tenuirostris  Blyth 

One  specimen  (marked  ''cf/'  apparently  a  female):  Yung-chang, 
Yunnan,  January  26,  1917. 

DlCRURIDJB 

Chibla  hottentotta  hottentotta  (LinnsDus) 

One  adult  male:  Chang-lung  Salwin  River,  Yunnan,  March  21, 
1917.  This  is  a  large  billed  bird;  the  bill  measured  as  Stuart  Baker 
(1919,  Nov.  Zool.,  XXVI,  p.  44)  measures  his  series  gives  29  mm. 

Dicrurus  leucoph»U8  nigrescens  Oates 

Three  adult  males:  Yung-chang  and  Chang-lung,  Salwin  River, 
Yunnan,  January  27  and  28,  March  22,  1917.  These  are  all  large  birds 
(wing:    145,  146,  and  140  mm.) 

CORVIDA 

Gorvus  coronoides  levaillantii  Lesson 

One  adult  female:  Li-chiang,  Snow  Mountains,  Yunnan,  10,000 
feet  altitude,  November  12,  1916. 


'"Hsiao"  means  in  English  "small,  little." 
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Coitus  insolens  Huiiie 

One  adult  male:   Meng;-tinjc,  Burma  border,  PVbruary  18,  1917. 

Nucifraga  caryocatactes  macella  Thayer  and  Bangs 

One  adult  male:  Li-ehiang,  Snow  Mountains,  Yunnan,  10,000  feet 
altitude,  November  6,  1910.  On  comparing  this  skin  with  the  type  of 
macella  from  the  mountains  of  Hupeh  and  with  one  skin  from  Tachienlu, 
I  can  detect  no  differences  that  would  seem  to  be  subspecific.  The  type 
is  a  little  paler  brown  than  in  either  the  Tachienlu  or  Yunnan  specimens, 
but  I  cannot  believe  that  this  slight  difference  would  prove  to  be  con- 
stant. Also,  the  white  spotting  in  the  type  ol  macella  extends  quite  down 
the  middle  of  the  belly  to  the  vent,  whereas  in  the  two  other  skins  the 
whole  belly  is  unspotted.  If  long  series  should  show  that  Nucifraga 
yunnanensis  Ingram  (1910)  is  different  from  A'.  viAcella  (19C9)  of  Hupeh, 
then  the  Tachienlu  bird  must  be  refeired  to  yunnanensis.  For  the  pres- 
ent, I  unite  the  two  under  the  older  name. 

Pica  pica  sericea  Ciould 
Two  adult  females:  Yung-chang  Fu,  Yunnan,  January  27,  1917. 

Urocissa  erythrorhyncha  eiythrorhyncha  (Gmelin) 

Four  adults,  both  sexes:  Hui-yao,  5500  feet  altitude,  and  Li-chiang, 
Snow  Mountains,  10,000  feet  altitude,  Yunnan,  November  7,  9,  and  12, 
1916,  and  May  7,  1917. 

Dendrocitta  himalayengis  Blyth 

Two  adults,  male  and  female:  Wantien  and  Taipingpu,  Yunnan, 
April  12  and  May  14,  1917. 

Oarrulus  leucotis  Ilmne 
One  adult  male:  Malipa,  Burma,  March  14,  n)17. 

Oarrulus  bispecularls  sinensis  Swinhoe 

One  adult  male:  Lichiang,  Snow  Mountains,  Yunnan,  10,000  feet 
altitude,  November  11,  19H).  This  specimen  has  a  grayish  back  and  a 
whitish  throat,  wing  195  mm.,  and  thus  lepresents  the  variant  named 
rufescens  l)y  K(»ichenow. 

Rothschild  has  relegated  the  suppos(»d  subspecies  rufescens  to 
synonymy.  I  hnd  writtc^n  a  long  account  of  our  large  series  of  Chinese 
jays  showing  that  ^'  rufescens'^  has  no  region  of  its  own,  but  occasionally 
turns  up  anywhen*  within  the  range  of  the  variable  sinensis.  Briefly 
stated,  our  material  wholly  supports  what  Rothschild  has  said. 
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Birds  from  Fokien 
Phasianida 

FrancolinuB  pintadeanus  pintadaanuB  (Scopoli)^ 

Four  specimens,  two  males,  two  sex  undetennined:  Futsing,  Fokien, 
June  1911  and  1912,  and  July  10, 1916.  I  think  Scopoli's  name  must  be 
used  for  the  large  bird  of  southern  China,  probably  introduced  from 
thence  into  Mauritius,  with  a  wing  ranging  from  153  nmi.  to  157  nmi., 
and  the  smaller  form  of  Burma,  Cochin  China,  Siam  and  Yunnan  be 
known  as  F.  pintadeanus  phayrei  (Blyth). 

Arboricola  ricketti  Ogilvie-Grant 

Two  specimens:  a  male,  Yenping,  Fokien,  June  13,  1916;  and  one, 
sex  undetermined,  Futsing,  Fokien,  1912. 

Bambusicola  thoracica  (Temminck) 

Three  adults,  a  male,  and  two  females:  Futsing,  Fokien,  April  1911 
and  March  17,  1912. 

COLUMBIDiB 

Streptopelia  orientalis  orientalis  (Latham) 
Three  males:  Futsing,  Fokien,  July  25  and  August  1,  1916. 

Streptopelia  chinensis  ehinensis  (Scopoli) 
One  adult  female:  Futsing,  Fokien,  July  27, 1916. 

Rallida 

Porzana  pusilla  pusilla  (Pallas) 

Two  specimens,  male  and  female:  Futsing,  Fokien,  April  and 
October  1912. 

Amaurornifl  akool  coccineipes  Slater 

Four  specimens,  male,  two  females  and  one  with  sex  not  determined : 
Futsing,  Fokien,  May  1911,  September  1912,  and  1912. 

Qallicrex  cinerea  (Latham) 

Three  specimens,  two  adult  males,  one  immature,  sex  not  deter- 
mined: Futsing,  Fokien,  June  1911. 


•For  chariKo  of  uumc  from  Francolinus  chinensin  to  F.  pintadeanus  of.  Oborholser,  1919,  I*roc. Biol. 
Soo.  WuHh.,  XXX 11,  April,  p.  21. 
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Labidji 

sterna  albifrons  sinenfliB  Gmelin 
Two  adults,  male  and  female:  Futsing,  Fokien,  May  1911. 

Larus  argentatus  vegad  Palm^n 
One  adult  female:  Futsing,  Fokien,  December  1912. 

CharadriidsB 

Arenaria  interpres  interpres  (Linnseus) 

Two  specimens  in  winter  plumage,  sex  undetermined:    Futsing, 
Fokien,  1912. 

VanelluB  vanellus  (Linnseus) 
One  adult,  sex  not  determined:  Futsing,  Fokien,  1912. 

Pluvialis  dozninicuB  fulvuB  (Gmelin) 
One  male,  in  winter  plumage:  Futsing,  Fokien,  October  1912. 

Charadrius  leschenaultii  Jjcsson 
One  male :  Futsing,  Fokien,  June  1911. 

Charadrius  alaxandrinus  dealbatus  (Swinhoe) 
One  specimen,  sex  not  det<>nnined:  Futsing,  Fokien,  1912. 

Numenius  arquatus  linaatus  Cuvicr 
One  adult  female:  Futsing,  Fokien,  December. 

NuxneniuB  phsBopus  variegatus  (Scopoli) 

Two   specimens,   one   male,   one   sex   not   determined:    Futsing* 
Fokien,  1912. 

Tringa  ochropus  Linnseus 
One  adult  female:  Futsing,  Fokien,  July  21,  1916. 

Heteractitifl  brevipes  (Vieillot) 

One  female,  in  winter  plumage:    Futsing,  Fokien,  Septeml)er  15, 
1911. 

Erolia  ruficollis  (Pallas) 

Two  females:  ?\itsing,  Fokien,  May  and  June  1911. 

Erolia  acuminata  (Horsford) 

Three  adults,  male  and  two  females,  all  in  spring  phunage:  Futsing, 
Fokien,  Mav  1911. 
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Erolia  alpina  sakhalina  (Vieillot) 

Two  specimens,  sex  not  determined,  in  winter  plumage:   Futsing, 
Fokien,  1912. 

Gallinago  gallinago  gallinago  (Linnaeus) 
One  f(»male:   Futsing,  Fokien,  May  1911. 

Rostratula  bengalensis  bengalensis  (Linnaeus) 
Two  adults,  male  and  female :  Futsing,  Fokien,  May  and  June  1911. 

Olareolidjb 

Olareola  xnaldivaruzn  Forster 

Three  adults,  two  males  and  a  female:  Futsing,  Fokien,  May  and 
June  1911. 

Ardeida 

Nycticorax  nycticorax  nycticorax  (Linnaeus) 

One  specimen,  immature,  sex  not  determined:    Futsing,  Fokien, 
1912. 

Ardeola  bacchus  (Bonaparte) 

Two  specimens,  an  adult  male  and  a  somewhat  inmiature  female: 
Futsing,  Fokien,  July  25,  1916. 

Ixobrychus  sinensis  sinensis  (Gmelin) 
Two  females:  Futsing,  Fokien,  May  1911  and  1912. 

Ixobrychus  cinnamomea  (Gmelin) 

Two  adults,  male  and  female:    Futsing,  Fokien,  July  26  and  31. 
1916. 

ANATIDiB 

Melanonyx  segetiun  serrirostris  (Swinhoe) 
One  adult,  sex  not  determined.    Futsing,  Fokien,  1912. 

Mergus  serrator  Linnaeus 

Four  specimens,  adult  male  and  three  females:   Futsing,  Fokien. 
November  nnd  December  19,  1912. 
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Falconidjb 

Astur  soloensiB  (Horsfield) 

Two  specimens,  adult  male,  and  female  immature:  FutsinR,  Fokien, 
August  1913  and  June  1914. 

Accipiter  gularis  (Temminck  and  Schlegel) 
One  adult  male:  Futsing,  Fokien,  May  1911. 

Buteo  buteo  Japonicus  (Temminck  and  Schlegel) 
One  male:  Futsing,  Fokien,  October  1912. 

Butastur  indicus  (Gmelin) 
One  adult,  sex  not  determined:  Futsing,  Fokien,  1912. 

r 

Falco  columbarius  insignis  (Clark) 
One  female:  Futsing,  Fokien,  November  1912. 

CerchneiB  tinnunculus  Japonicus  (Temminck  and  Schlegel) 
Two  females:  Futsing,  Fokien,  January  1912  and  1912. 

BUBOmDM 

OtU8  bakkamoBna  glabripes  (Swinhoe) 
One  immature  female:  Futsing,  Fokien,  July  24,  191t). 

Ninoz  scutulata  scutulata  (KafHes) 
Two  adults,  sex  not  determined:  Futsing,  Fokien,  March  1912. 

Olaucidium  brodiei  (Barton) 
One  adult,  sex  not  determined  (  =  male) :  Futsing,  Fokien,  1912. 

Olaucidium  cuculoides  whitelyi  (Swinhce) 

Four  si]^|L»cimens,  one  male,  two  females  and  one  sex  not  determined: 
Futsing,  Fokien,  July  24  and  28  and  August  1,  1916  and  1912. 

CO&ACIIDJl 

Eurystomus  orientalis  calonjrx  Sharix' 

Thre(»  siHH'imens,  an  adult  f(»mal(»,  and  two  young,  male  and  female: 
Futsing,  Fokien,  April  1911  and  August  1912.  See  Stresemann,  1913, 
Nov.  Zool.,  XX,  p.  299  for  discussion  of  iho  geographi(*al  races  and  the 
points  where  intergradation  takes  place. 
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ALCBDINIDJ[ 

Ceryle  lugubria  ffuttulata  Stejneger 
Two  males:  Futsing,  Fokien,  July  27  and  August  1,  1916. 

Alcedo  atthifl  bengalezuiis  Gmelin 

Three  specimens,  two  males  and  a  female,  all  immature:  Futsing, 
Fokien,  July  12,  27  and  28, 1916. 

Halcyon  smymenfliB  fusca  (Boddaert) 

Five  specimens,  both  sexes:  Futsing,  Fokien,  July  26  and  28. 
1916  and  1912. 

Halcyon  pileata  (Boddaert) 
One  female:  Futsing,  Fokien,  July  31,  1916. 

Caprimulgida 

Caprimulgiu  indicus  Jotaka  Temminck  and  Schlegel 
Two  females:  Futsing,  Fokien,  1912. 

MiCBOPODIDJB 

MicropuB  pacificuB  pacificus  (Latham) 

Four  specimens,  three  males,  one  with  sex  not  determined :  Futsing, 
Fokien,  May  and  June  1911  and  1912. 

Trooonidjb 

Pyrotrogon  ersrthrocephalus  yamakanensis  Rickett 
One  adult  male:   Yen-ping,  Fokien,  June  12,  1916. 

CUCULIDJB 

Clamator  coromandus  (Linnaeus) 

Three  adults,  two  males  and  a  female:    Yen-ping  and  Futsing, 
Fokien,  June  12,  1916  and  1912. 

Cuculus  optatus  Gould 

Three  females:   Futsing,  Fokien,  May  1911  and  March  and  April 
1912. 

Eudynamis  orientalis  chinensis  Cabanis  and  Heine 
Two  adults,  male  and  female:  Futsing,  Fokien,  1912. 
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Gantropug  bengalenais  lignator  Swinhoe 

Three  adults,  male  and  female  and  one  sex  not  determined :  Futsing, 
Fokien,  July  20,  23  and  24, 1916. 

Capitonidji 

Megalaexna  virens  vireiiB  (Boddaert) 

Four  adults,  both  sexes:  Futsing,  Fokien,  July  27, 1916  and  March 
1912. 

FlClDM 

Picus  canuB  ricketti  Stuart-Baker 

Two  adults,  male  and  female:  Futsing,  Fokien,  July  1916  and 
August  1912. 

Dryobatas  cabanisi  cabanisi  (Malherbe) 

Two  males,  one  adult,  one  immature:  Futsing,  Fokien,  October 
1912  and  July  26,  1916. 

MicroptemuB  bracbyurus  fokienBiB  (Swinhoe) 
One  adult  male:  Yenping,  Fokien,  June  12,  1916. 

Jynz  torquilla  Japonica  Bonaparte 

Three  specimens,  male  and  two  with  sex  not  determined:  Futsing, 
Fokien,  March  1912  and  1912. 

HlBUNDINIDil 

Hirundo  rustica  gutturalis  Scopoli 
One  immature  male:  P^itsing,  Fokien,  July  3,  1916. 

MUSCICAPIDJl 

Hemichelidon  sibirica  sibirica  (Gmelin) 

One  adult,  sex  not  determined  and  without  date  of  capture:  Fut- 
sing, Fokien. 

Poliomyias  mugimaki  (Tenmiinck) 
Four  specimens,  both  sexes:  Futsing,  Fokien,  1912. 

Cyanoptila  cyanomelana  Temminck 

Seven  specimens,  both  sexes:  Futsing,  Fokien,  March  1912,  Sep- 
tember 1912,  and  1912.  The  three  adult  males  in  this  series  are  all 
black-throated  birds  with  dark  blue  backs  lined  with  black,  and  all  be- 
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long  to  this  form  which  swius  to  be  specifically  distinct  from  C.  aimatfli\s 
Thayer  and  Bangs,  the  breeding  bird  of  Central  China. 

Hypothyxnis  azurea  styani  (Hartlaub) 
One  (female) :  Futsing,  Fokien,  1912. 

Tchitrea  paradisi  incii  Gould 

Three  specimens,  two  males  and  a  female,  all  in  the  brown  phase  of 
plumage:  Futsing  and  Ling  Sioh,  Fokien,  March  1912  and  August  2, 
1916. 

Tchitrea  princeps  princeps  (Temminck) 

One  male:  Futsing,  Fokien,  March  1912. 

Campephagida 

Volvociyora  znelanoptora  (Klippell) 
Two  males:   Futsing,  Fokien,  April  1912. 

Pericrocotus  griseigularis  Oould 
Two  adult,  male  and  female:  Futsing,  Fokien,  June  1912  and  1912. 

Pericrocotus  cantonenis  Swinhce 

Four  specimens,  two  adult  males,  an  adult  female  and  immature 
sex  not  determined:  Futsing,  Fokien,  March  1912  and  July  10,  1916.  I 
do  not  use  the  gicnm^.  Mot  a  ci  II  oides  Buturlin  for  the  black,  white  and  gray 
Mini  vets,  as  it  does  not  seem  to  me  worth  while  to  subdivide  the  group. 

Pycnonotida 

Hsrpsipetes   leucocephalus  (Gmelin) 

One  immature  (without  white  in  the  head)  male:  Futsing,  Fokien, 
June  12,  1910. 

Hemixos  canipennis  Seebohm 

Four  adults,  both  sexes :  Futsing  and  Ling  Sioh,  Fokien,  July  27,  28, 
and  29,  1916,  and  April  1912. 

lole  maclellandi  holti  (Swinhoe) 

Three  specimens,  one  male,  two  females:  Futsing  and  Ling  Sioh, 
Fokien,  July  28,  1916,  and  April  1912. 

Pycnonotus  sinensis  (Gmelin) 

Twelve  specimens,  adult  and  immature  of  both  sexes:  Futsing. 
Fokien,  July  S,  4,  22,  23,  24,  27,  28,  and  31,  1916,  and  March  1912. 
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Spizixos  semitorques  Swinhoe 
One  adult,  sex  not  determined:  Fiitsing,  Fokien,  1912. 

TIMBLIIDJB 

lanthocincU  canora  (Linnaeus) 

Eight  specimens,  adult  and  immature,  both  sexes:  Futsing,  Fokien, 
July  10,  24,  27,  and  28,  1916,  and  March  1912. 

PomatorhinuB  ruficollU  stridulus  Swinhoe 

Eleven  specimens,  both  sexes:  Futsing,  Fokien,  July  1,  24,  26,  and 
31,  1916,  and  April  1912.  These  all  have  short  bills,  but  the  color  of  the 
back  is  variable  in  this  series,  some  specimens  being  much  less  reddish 
than  others. 

I 

Pomatorhinus  swinhoei  David 
One  adult  male:  P'utsing,  Fokien,  1912. 

Oarrulax  picticoUis  Swinhoe 
One  male:  Yenping,  Fokien,  June  15,  1916. 

Dryonastes  perspicillatus  perspicillatus  (Gmelin) 

Four  specimens,  one  adult,  three  inunature:  Futsing,  Fokien,  July 
13  and  26,  1916,  and  March  1912. 

Dryonastes  sannio  sannio  Swinhoe) 

Four  spc»cimens,  two  adult,  two  immature:  Futsing,  Fokien,  July 
26  and  27,  1916,  and  April  1912. 

Alcippe  nipalensis  hueti  (David) 

Seven  specimens,  adults  and  immature  of  ]K)th  sexes:  Futsing, 
Fokien,  July  26  and  31,  1916. 

Hartert  (Vog.  Pal.  fauna,  p.  616)  says  he  cannot  substantiate  the 
differences  claiimul  by  Styan  to  separate  his  davidi  of  Szechwan  from 
true  hucti  of  F<)ki(»n.  In  Harington's  revi(»w  of  the  genus  published  in 
1915,  however,  botli  forms  are  kept.  I  have  compared  the  present  series 
with  a  large  one  in  Mus.  (  omp.  Zool.  from  Szechwan  and  find  that  the 
Fokien  birds  are  decidedly  pal(»r  Ix^low,  the  chest  more  pinkish,  less 
grayish,  the  sid(»s  more  bufTy,  less  olivaceous  and,  therefore,  consider 
A.  nipalerifiis  davidi  Styan  of  Szechwan  a  good  form. 

Stachyrhidopsis  ruficeps  davidi  Oustalet 

Six  specim(Mis,  adults  and  immature,  both  s<»xes:  Futsing,  Fokien, 
July  10,  2(),  and  29,  1916,  and  January  1912. 
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MyiophoneuB  c»ruleus  (Scopoli) 

Four  adult  males:  Futsing,  Fokien,  July  28, 1916,  August  and  Sep- 
tember 1912. 

Staphidia  torquola  Swinhoe 
One  adult  male :  Yen-ping,  Fokien,  June  21, 1916. 

TUBDIDJB 

TurduB  menila  mandarinus  Bonaparte 
Three  females:  Futsing,  Fokien,  March  1912. 

TurduB  cardis  lateus  Thayer  and  Bangs 

Three  adults,  two  males  and  a  female:   Futsing,  Fokien,    March 
1912  and  1912. 

TiirduB  eunoznuB  Temminck 
Four  specimens,  all  unmarked  as  to  sex:  Futsing,  Fokien,  1912. 

TurdUB  hortuloruxn  Sclater 
One  adult  male:  Futsing,  Fokien,  1912. 

TurduB  chrysolauB  (Temminck) 
Two  females:  Futsing,  Fokien,  April  1912. 

TurduB  aiireuB  aureus  Holander 

Two  specimens,  a  female  and  one  with  sex  not  determined :  Futsing, 
Fokien,  February  1912  and  1912. 

Monticola  BolitariuB  pandoo  (Sykes) 
One  adult  male:  Futsing,  Fokien,  March  1912. 

Monticola  solitarius  philippensis  (Mtlller) 
Two  males:  Futsing,  Fokien,  1912. 

Monticola  solitarius  magna  La  Touche 
Two  specimens  a  male  and  a  female:  Futsing,  Fokien,  May  1911 
and  September  1912.    These  are  large  birds,  apparently  migrants  of  the 
big  race  that  breeds  in  Northeast  Siberia  and  Japan.    The  wing  in  the 
male  gives  128  and  in  the  female,  120  mm. 

Enicurus  sinensis  Gould 

Two  males :  Futsing  and  Ling  Sioh,  Fokien,  July  27, 1916,  and  April 
1912. 
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EnicuruB  schiBtaceus  Hodgson 

Three  adults,  two  males  and  a  female:  Futsing  and  Ling  Sioh, 
Fokien,  July  31,  1916,  June  21,  1914,  and  June  1914. 

Chimarrhorxiis  fuliginosa  f uliginosa  (Vigors) 
One  female:  Futsing,  Fokien,  September  1912. 

PhoBnicuniB  auroreus  auroreus  (Gmelin) 
One  male:  Futsing,  Fokien,  1912. 

lanthia  cyanura  (Pallas) 
One  male:  Futsing,  Fokien;  no  date  of  capture. 

Copsychus  saulariB  saularis  (Linnseus) 
Eight  specimens,  adults  of  both  sexes  and  one  immature:  Futsing, 
Fokien,  July  4,  10,  23,  and  24,  1916,  and  March  1912. 

Sazicola  torquata  stejnegeri  (Parrot) 
One  female:  Futsing,  Fokien,  1912. 

STLVUDil 

Locustalla  ochotanfliB  (Middendorff) 
One  specimen:  Futsing,  Fokien,  May  1911. 

Sutoria  sutoria  pbyllorrhaphea  Swinhoe 
Two  males:  Ling  Sioh,  Fokien,  July  1  and  30,  1916. 

Cisticola  cisticola  tintinnabulans  (Swinhoe) 
Two  specimens,  male  and  female:  Futsing,  Fokien,  May  1911. 

LAtnJDM 

LaniuB  tigrinus  Drapiez 
One  adult  male:  Futsing,  Fokien,  July  10,  1916. 

Lanius  schach  gchach  (Linnseus) 

Six  specimens,  adults  of  both  sexes  and  one  immature  female:  Fut- 
sing and  Ling  Sioh,  Fokien,  July  22,  24,  27,  and  28,  1916,  and  December 
1912. 

Lanius  cristatus  lucionensis  Linnseus 

Three  specimens,  an  adult  male  and  two  inunature :  Futsing,  Fokien, 
May  1911,  Septemlx?r  1912,  and  1912. 


i 
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Pabida 

ParuB  major  comzniztus  Swinhoe 

Five  specimens,  adults  and  immature:  Futsing,  Fokien,  July  1,  10, 
21,  23,  and  24,  1916. 

ZOSTEBOPIDA 

Zostaropg  palpebrosa  simplex  Swinhoe 

Eleven  specimens,  both  sexes:   Futsing,  Fokien,  July  1,  3,  4,  and 
10,  1916,  and  October  1911  and  1912. 

DICJCIDA 

DicsBum  iflrnipectUB  ignipectus  (Hodgson) 

Three  specimens,  a  male  and  two  females:  Futsing,  Fokien,  1911 
and  1912. 

MOTACILLIDJB 

Motacilla  alba  leucopsis  Gould 

Two  specimens,  an  adult  male  and  an  immature  female:  Futsing, 
Fokien,  July  24,  1916,  and  September  1912. 

AnthUB  hodgBoni  Richmond 
Two  males:  Futsing,  Fokien,  January  and  March  1912. 

Alaudidjb 

Alauda  gulgula  cobUvoz  Swinhoe 
One  adult  male:   Futsing,  Fokien,  April  1912. 

Fringillida 

Eophona  migratoria  migratoria  Hartert 

Four  adults,  three  males  and  a  female:    Futsing,  Fokien,  A[>ril 
1912  and  1912. 

Chloris  sinica  sinica  (Linnaeus) 
Two  adult  males:  Futsing,  Fokien,  April  1912. 

Fringilla  montifringilla  Linnseus 

Two  specimens,  sex  not  determined:  Futsing,  Fokien,  1912, 
Possibly  there  may  be  an  eastern  subspecies,  Fringilla  marUifringilla 
siibciineolata  Kleinschmidt.    But  after  carefully  comparing  long  series  of 
specimens  from  the  far  east  with  European  birds,  I  find  the  only  char- 
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acters  claimed  by  Kleinschniidt — the  size  and  distinctness  of  the  paler 
marking  of  the  outer  tail  feather — are  very  variable  in  both  series  and, 
in  our  material  at  least,  do  not  indicate  the  existence  of  such  a  race. 

Passer  montanus  taivanensis  Hartert 

Four  specunens,  two  adult  males,  two  immature  males :  Futsing  and 
Ling  Sioh,  Fokien,  July  28  and  31,  1916.  I  can  refer  these  skins  to  no 
other  form  than  taivanensis  originally  described  from  Fonnosa.  The 
adults  have  bills  much  larger  than  in  P.  montanus  saturatus  Stejn.  of 
Japan  and  the  Liu  Kiu  Islands.  The  culmen  affording  respectively  12.5 
and  13  mm. 

Passer  rutilans  rutilans  (Temminck) 

Ten  specimens,  both  sexes.  Futsing,  Fokien,  July  1 ,  3,  4,  10,  and 
23,  1916,  and  Januar>^  1912. 

Emberiza  spodocephala  spodocephala  Pallas 
Two  females:  Futsing,  Fokien,  May  1911  and  March  1912. 

Melophus  xnelanictenis  (Gmelin) 

Three  specimens,  two  males  and  a  female:  Futsing,  Fokien,  April 
and  March  1912. 

Ploceidj[ 

Munia  punctata  topela  S\\inhoe 

Three  adults,  male  and  two  females :  Futsing  and  Ling  Sioh,  Fokien, 
July  26,  1916,  January  20,  1914,  and  March  1912. 

Uroloncha  squaxnicollis  Sharpe 

Ten  adults,  both  sexes:  Futsing  and  Ling  Sioh,  Fokien,  July  26, 
28,  29,  30,  and  31,  1916. 

STURNIDil 

Stumia  cineracea  (Temminck) 

Three  specimens,  both  sexes:  Futsing,  Fokien,  January  21,  1914, 
and  1912. 

Stumia  sinensis  (CimeHn) 
Two  males:  Futsing,  Fokien,  1912. 
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Stumia  violacea  (Boddaert) 

One  adult  male:  Futsing,  Fokien,  May  1911.  This  example  is  a 
fine  adult  male  in  full  spring  plumage,  and  the  record  proves  beyond 
doubt  that  the  species  does  occasionally,  at  least,  occur  in  China  on 
migration. 

JEthiopsar  criBtatailus  criBtatallus  (Gmelin) 

Five  specimens,  adults  of  both  sexes  and  one  immature  female: 
Futsing  and  Ling  Sioh,  Fokien,  July  27  and  31, 1916,  and  March  1912. 

ORIOLIDil 

Oriolus  indicus  indicus  Jerdon 

Seven  specimens,  both  sexes:  Futsing,  Fokien,  July  4,  20,  and  24, 
1916,  and  March  1912.. 

DiCBURIDil 

Chibia  hottentotta  brevirostriB  (Cabanis) 
One  inunature  male:  Ling  Sioh,  Fokien,  August  2,  1916. 

Dicrurus  leucogenys  cerruBsatUB  (Bangs  and  Phillips) 
Four  adults,  both  sexes:  Futsing,  Fokien,  March  and  April  1912. 

CORVIDA 

Gorvus  coronoides  levaillantii  Lesson 
One  adult  male:  Futsing,  Fokien,  April  1912. 

Urocissa  erythrorhyncha  enrthrorhyncha  (Gmelin) 

Nine  specimens,  adults  and  young  of  }>oth  sexes :  Futsing  and  Ling 
Sioh,  Fokien,  July  24,  27,  and  28,  August  1,  1916,  and  March  1912. 

Dendrocitta  forxnossB  sinica  Stresemann 
Two  adult  males:  Futsing,  Fokien,  April  1912  and  June  1914. 

Garrulus  bispecularis  sinensis  Swinhoe 

Four  specimens,  three  adults,  one  immature,  two  marked  as  males, 
two  without  sex  mark:  Futsing,  Fokien,  January  and  April  1912. 
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Accipiter  gularis,  603. 
Acridotheres  tristis,  598. 
iBgithina  tiphia  tiphia,  584. 
^thiopsar  cristatellus  cristat^Uns,  598, 
612. 

albocinctuSy  598. 
^thopyga  dabryi,  595. 

ignicauda,  595. 

nipalensis,  595. 
A§tobatiis  narinari,  22. 
Alauda  gulgula  coelivox,  610. 
Alaudidse,  610. 
Albnla  vulpes,  22. 
Alcedinidffi,  579,  604. 
Alcedo  atthis  bengaiensis,  604. 
Alcippe  nipalensis  hueti,  607. 

phffiocephala  magnirostris,  588. 
Alcunis  striatus,  585. 
Alcyonidium  pellucidum,  309. 
Alcyonium  schlosseri,  398. 
AUe  aUe,  516,  530-533. 
Alligator,  82,  83,  268,  266,  268. 

helois,  265. 

mississippiensis,   51-53,    55,   58,   60, 
62,  68,  101,  102,  128,  268-265. 

sinensis,  128,  263,  266. 
AUognathOBUchus  105-108,  109,  110. 

heterodon,  109,  110. 

polyodon,  106-109. 
Amaroecium,  482. 

constellatum,  310. 

stellatum,  308. 
Amaroucium,  287,  288,  292,  293,  295, 
303,  806-312,  479,  480,  482. 

bcrmudffi,  305,  480. 

constellatum,  310. 

exile,  311,  480. 

pellucidum  constellatum,  310. 

stellatum,   308. 
Amauromis  phoenicura  chinensis,  578. 

akool  coccineipcs,  600. 
Ambystoma,  4. 


jeffersonianum,  5. 

maculatum,  5. 

microstomum,  5. 

opacum,  3,  5. 

tigrinum,  5. 
Ameiva  chrysolaema,  16, 17. 

lineolata,  17. 

navasss,  558,  559. 

tffiniura,  17. 

vittipunctata,  17. 

wetmorei,  17. 
Amouroucium,  482. 

constellatum,  309,  310. 

pellucidum,  309. 

stellatum,  308. 
Amphisbsena  manni,  18. 
Amphiuma  means,  6. 
Anatidse,  602. 
Aneides  lugubris,  5. 
Angelichthys  ciliaris,  24. 
Angistorhinus,  570. 
Anguilla  chrysypa,  22. 
Anisotremus  siurinamensis,  23. 
Anolis  chlorocyanus,  11,  14. 

citrinellus,  13,  14. 

cybotes,  12,  14. 

distichus,  12,  14,  556,  669. 

latirostris,  556,  557. 

longiceps,  666,  557,  559. 

olssoni,  11,  14. 

ricordii,  10,  13. 

semilineatus,  10, 14,  666,  559. 
Anthracoceros  malabaricus  affinis,  580. 
Anthus  beresowskii,  596. 

hodgsoni,  596,  610. 

maculatus,  596. 

maculatus  berzowskii,  596. 

maculatus  yunnanensis,  596. 
Aplidium,  288,  808,  482. 

bermuds,  295,  806-308,  311,  470,  480, 
482. 

constellatum,  482. 

crassum,  482. 
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exile,  295,  811,  312,  479,  480,  482. 

lobatum,  287,  295,  303-305,  478,  479, 
482. 

peUucidum,  287, 295, 308, 309-311, 482. 

pellucidum  constellatum,  295, 308, 479. 

stcllatum,  295,  308,  309,  482. 

treinulum,  303. 
Apogonichthys  stellatus,  22. 
Apsilus  dentatus,  22. 
Aptenodytes  foreteri,  510. 

patachonica,  510. 
Arboricola  brunneipectus  brunneipectus, 
576. 

ricketti,  600. 

torqueola,  576. 
Ardeidse,  579,  602. 
Ardeola  bacchus,  602. 
Arenaria  interpres  interpree,  601. 
Ascidea,  482. 

manhattensis,  471. 
Ascidia  albeola,  482,  485. 

atra,  380,  481,  482. 

canaliculata,  386,  387. 

cavernosa,  482,  487. 

claviformis,  375,  379,  482,  483. 

curvata,  389,  481,  482. 

hygomiana,  383. 

interrupta,  :i83,  386,  482,  486. 

lobifera,  482. 

longitubia,  387,  482. 

manhattensis,  482. 

monstrans,  482,  486. 

multiformis,  482,  486. 

nigra,  379,  380,  482. 

obocki,  380. 

ovalis,  386,  482. 

plicata,  435,  482. 

proboscidea,  482. 

prostrata,  483,  486. 

somaliensis,  380. 

sydneiensis,  386,  387,  483. 

variabUis,  483,  488. 
Ascidiella  styeloides,  297,  391,  479,  483, 

486. 
Ascidiidffi,  372. 
Afiio  flammeus  sanfordi,  541. 
Astur  soloensis,  603. 
Atherina  laticeps,  22. 

stipes,  22. 


AuloBtomus  maculatus,  22. 
Auxis  thazard,  22. 

Balistes  carolinensis,  24. 

vetula,  24. 
Bambusicola  fytchei  fytchei,  576. 

fytchei  oleaginea,  576. 

thoracica,  600. 
Bangs,    Outram.      The   Birds   of   The 
American  Museum  of  Natural  His- 
tory's Asiatic  Zoological  Expedition 
of  1916-1917,  575-612. 
Bathystoma  striatum,  23. 
Batrachoseps,  2. 

attenuatus,  5. 

major,  5. 
Belodon  lepturus,  561,  570,  871. 

priscus,  888-571. 
Bodianus  fulvus  fulvus,  22. 

fulvus  punctatus,  22. 

fulvus  ruber,  22. 
Boltenia  coacta,  483,  488. 

coarcta,  483. 

legtunen,  483. 
Bostrichobranchus,  475. 

manhattensis,  475. 

molguloides,  475. 

pilularis,  287,  296,  478-478,  480,  483. 
BotryllidsB,  296,  398. 
Botrylloides,    296,    399-401,    479,    480, 
483. 

chazaliei,  399,  403. 

leptum,  399. 

nigrum,  399,  400,  403,  481. 

nigrum  magniccBcum,  403. 

perspicuum  rubicundum,  483. 
Botryllus,  322,  398-403. 

chazaliei,  483. 

gouldii,  398,  483. 

nigcr,  287,  296,  399-403,  479-483. 

niger  concolor,  402. 

niger  planum,  402. 

niger  sarcinum,  402. 

niger  typica,  400. 

perspicuus  rubicundus,  483. 

schlosseri,  296,  398,  399,  480,  483. 
Botryorchis,  440. 

atlanticus,  440,  483. 
Brachygenys  chrysargyreus,  23. 
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BrachygnathosuchuB,  43-48,  49. 

brasiliensis,  43-49. 
Bubonidsp,  579,  603. 
Bubulcus  ibis  coromandus,  579. 
Buccrotidse,  580. 
Bufo  gutturosus,  7. 

lemur,  7. 
Bulweria  bulweri,  526. 
Butastur  indicus,  603. 
Buteo  buteo  japonicus,  603. 

Cffsira,  482,  483. 

arenata,  297. 

lutulenta,  474. 

manhattensis,  471. 

occidentaliH,  467. 

papillosa,  471. 

robusta,  297. 

singularis,  297. 
Ca»irida>,  467. 
Caiman,  82, 244,  266,  268. 

niger,  62,  67,  81,  91,  92,  98. 

palpebrofius,  59,  127,  218,  244,  208. 

sclerope,  51-54,  58,  60,  62,  63,  65,  91, 
92,  97,  98,  265. 

trigonatUB,  58,  59,  128,  218,  244-252. 
Calamus  arctifrons,  2^i. 

bajomido,  23. 

calamus,  23. 
Callinectes,  474. 
Calliope  calliope  calliope,  591. 
Calophasis  humi^D,  577. 
Campepluigidap,  583,  606. 
Cantherines  pullus,  24. 
Canthigastcr  rostratus,  24. 
Capitoiiida*,  581,  605. 
Caprimulgi(ifl%  604. 
CapriniuIgUH  indicus  jotaka,  604. 
Caranx  bartholomaM,  22. 

crj-sos,  22. 

hipiKKS,  22. 

latus,  22. 

rubor,  22. 
Carcharhinus  limbatus,  22. 
Carpo<la(!UH  e<lwardsii,  697. 
CclcHtus,  16. 

badius,  557,  559. 

costatus,  16. 


sepsoides,  16. 
Cellulophana  collectrix,  363,  365,  483, 

485. 
Centropus  bengalensis  lignator,  605. 

sinensis  intermedius,  580. 
Cephalacanthus  volitans,  24. 
Ceratacanthus  scriptus,  24. 
Cerchneis  tinnunculus  japonicus,  603. 

tinnunculus  saturatus,  579. 
Certhia  discolor  discolor,  595. 
CerthiiduB,  595. 

Ceryle  lugubris  guttulata,  604. 
Chtetodipterus  faber,  23. 
Ch«todon  capistratus,  23. 

ocellatus,  23. 

striatus,  23. 
ChamaelinoropB  barbouri,  557,  558. 
Charadriids,  578,  601. 
Charadrius  alexandrinus  dealbatus,  601. 

leschenaultii,  601. 
Chibia  hottentotta  brevirostris,  612. 

hottentotta  hottentotta,  598. 
Chilomycterus  spinosus,  24. 
Chimarrhomis  fuliginosa  fuliginosa,  609. 

leucocephala,  591. 
Chloris  sinica  sinica,  610. 
Chloro|)sis  liardwickii,  584. 

icterocephala  chlorocephala,  584. 
Chondro8tach>'s,  353. 

claviformis,  483. 

oblonga,  354,  483. 

picta,  354,  483. 
Chromis  multilincatus,  23. 
Chrysocolaptes  guttacristatus  sultaneus, 

581. 
Chrysolophus  amherstia;,  577. 
Cinclodes,  541. 
Ciona,  373. 

abdominalis,  370,  483. 
Cionidan,  373. 

Cisticola  cisticola  tintinnabulans,  609. 
Clamator  coroniandus,  604. 
Clavelina,  353. 

detorta,  353. 

gigantea,  295,  85fr-360,  480.  483,  487. 

oblonga,  295,  864-358,  377,  379,  478- 
484,488. 

picta,  483. 
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Clavdinidse,  342. 

Clepfiysaurus  pennsylvanicus,   665-568, 
571. 

veatleianus,  567-569,  571. 
Colella  sigillinoides,  483. 
ColinuB  virginianus,  531,  532. 
Columba  hodgsonii,  578. 
Columbidae,  578,  600. 
Copsychus  saularis  saularis,  592,  609. 
Coracias  affinis,  579. 

affinis  theresifl?,  579. 
CoraciidfiB,  579,  603. 
Corella,  395. 

eumyota,  287,  297,  397,  483. 

minuta,  296,  395-397,  479,  480,  483. 
Corvidae,  598,  612. 
Corvus  coronoides  levaillantii,  598,  612. 

insolens,  599. 
Corythroichthys  cayorum,  22. 
Cotumix  cotumix  japonica,  576. 
CrocodUus,  115, 151,  204,  265-267. 

acer,  117-121. 

affinis,  111. 

americanus,  51-56,  59-78,  78,  80-100, 
128,  151-159,  176,  199,  200. 

cataphractiis,  128,  159-165,  172,  176. 

heterodon,  106,  109. 

intermedius,  68,  81,  128,  165-173,  176. 

johnstoni,  127,  173. 

moreletii,  265. 

naoticus,  26,  128,  173-182. 

palustris,  30,  31,  63, 128, 182-186,  200. 

polyodon,  105,  108,  109. 

porosus,  26,  51,  62,  63,  65,  128,  186- 
192. 

rhombifer,  31,  54,  68,  81,    128,   192- 
200,  265. 

robustua,  25-31,  200,  265. 

siamensis,  127,  200. 
Cuculidffi,  580,  604. 
Cuculus  canonis  bakeri,  580. 

optatus,  604. 
Culicicapa  ceylonensis  ceylonensis,  583. 
Cutia  nepalensis  nepalensis,  590. 
Cyanops  asiatica,  581. 

franklini  franklini,  581. 
Cyanoptila  cumatilis,  606. 

cyanomelana,  605. 


Cyclura  nigerrima,  557,  559. 
Cynthiid®,  277,  441. 
Cynthia  amphora,  483,  487. 

canopoides,  431. 

chazaliei,  483,  487. 

claudicans,  483,  485. 

discrepans,  483,  487. 

dura,  484,  488. 

kevigata,  446,  484. 

momus,  459. 

nodulosa,  484. 

paUida,  454,  484. 

pallida  biUitonensis,  454,  455. 

partita,  431,  440,  484. 

plicata,  484. 

riiseana,  446,  484. 

stellifera,  431. 

subcffirulea,  417,  419,  484. 

torpida,  484,  488. 

variabilis,  431. 

vittata,  440,  446, 484. 
Cyomis  tickellise  whitei,  582. 
Cyprinodon  variegatus,  22. 
Cystodites,  484. 
Cystodytes,  352,  360. 

deUechiaise,  287,   295,  860-363,  480, 
481.  484. 

dellechiajei,  360,  484. 

draschei,  484. 

draschii,  360,  362,  484. 

philippinensis,  362. 

violaceus,  360,  481,  484. 

Dactyloscopus  tridigitatus,  24. 
Dasyatis  say,  22. 
Decapterus  punctatus,  22. 
Dendrocitta  formosse  sinica,  612. 

himalayensis,  599. 
Diandrocarpa,  404. 

botryllopsis,  404,  481,  484. 

brakenhielmi,  407,  484. 
Diazona  geayi,  484. 

picta,  354,  355,  484. 
Diazonidae,  276,  291,  295, 369,  373. 
Dicaeidae,  595,  610. 
Dicacum  ignipectns  ignipectus,  610. 

minullum  olivaceiun,  595. 
Dicamptodon,  4. 
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DicruricUe,  508,  612. 

Dicrurus  leucogenys  cerrussatuB,  612. 

leucophsDUS  nigrescens,  598. 
Didemnidfle,  295,  313. 
Didemnopsis  inenne,  484. 
Didemnum,  288,  293,  322. 

albidum,  330. 

amethysteum,  295,  338-335,  480,  481, 
484,  485,  487. 

annectens,  485. 

atrocanum,  314,  480,  484. 

candidum,  287,  295, 323-333, 478-481, 
484,  485. 

candidum  acutilobatum,  328. 

candidum  asperum,  328. 

candidum  bermudense,  328. 

candidum  hamiltoni,  328. 

candidimi  harringtonense,  328. 

candidum  lutarium,  295,  484. 

candidum  pageti,  328. 

candidum  somersi,  328. 

cineraceum,  484,  485. 

conchyliatum,  484,  485. 

fusiferum,  294,  295,  327,  331-333, 
480,  484. 

grande,  331. 

inermc,  484. 

japonicum,  332. 

lucidum,  317,  480,  484. 

lutarium,  323,  32S,  330,  484. 

orbiculatum,  320,  481,  484. 

porites,  317,  480,  484. 

savignii,  314,  480,  484. 

solidum,  318,  481,  484. 

spceiosum,  323,  484. 

spongioides,  324. 

studcri,  331,  4a4. 

tenuo,  484,  485. 
Diodon  hystrix,  24. 
Diomedcu  exulans,  501,  527. 
Diplafioma,  485. 
Diplcctnim  fonnonum,  23. 
DiplocynoduH  Hubulatus,  105. 
Diplosoma   atro])unctat.um,   336,   481, 
485. 

lactcum,  336,  481,  485. 

macdonaldi,  335,  336,  481,  485. 
DipkiHomoidcH,  340,  485. 


fragile,  338,  481. 

moUe,  338,  339. 
Distalium,  485. 
Distaplia,  485. 

bcrmudensis,  363,  481. 

bursata,  366. 
Distoma,  485. 

capsulatum,  352,  481. 

clarum,  350,  481. 

convexum,  346,  481. 

dellechiaise,  360. 

obBciu*atum,  345,  481. 

olivaceum,  343,  481. 
Dromidia  antillensis,  331. 
Drymocataphus  tickelli  tickelli,  588. 
Dryobat€S  cabanisi  cabanisi,  605. 

pemyi  pernyi,  581. 
Dryonastes  chinensis  chinensis,  587. 

perspicillatus  perspicillatufi,  607. 

sannio  albosuperciiiaris,  588. 

sannio  sannio,  588,  607. 

Echidna  catenata,  22. 

Echinoclinum  verrilli,  295,  340-342,  480, 

481,  485. 
Ecteinascidia,  375,  482. 

albeola,  485. 

thurstoni,  379,  485. 

turbinata,  295,  376-379,  479-482,  485. 
Eleutherodactylus,  558. 

inoptatufl,  9. 

montanus,  9. 

wcinlandi,  8. 
Elops  Kaurus,  22. 
Embcriza  punilla,  597. 

spodoccphala  mclanope,  597. 

8pod()ce]>hala  8{)<)d(>ccphala,  611. 
Enchytiwidw,  269. 
EnrhytrffUH  albidus,  269. 
Enicunis  8ohi8taccu8,  591,  609. 

sinonniA,  608. 
Eophona  melanura,  596. 

migratoria,  596. 

migrutoria  migratoria,  596,  610. 
Epicrates  striatuA,  18. 
p]pincphelu8  adHcenBionis,  22. 

guttatus,  22. 

morio,  22. 
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striatus,  22. 
Eques  acuminatus,  23. 

punctatus,  23. 
Erolia  acuminata,  601 . 

alpina  sakhalina,  602. 

ruficoUis,  601. 
Eucinostomus  harengulus,  23. 
Eudi8tx)ina,  295,  343-352,  354,  478-481, 

485,  487. 
Eudynamis  orientalis  chinensis,  604. 
Eugyra,  486. 

glutinans,  475. 

pilularis,  475. 
Eupelor  dunis,  572,  573. 
Eupomacentrus  analis,  23. 

fuscus,  23. 

leucostictus,  23. 

partitus,  23. 
Eurycea,  1,  2. 

leprosus,  3. 
Eurylaimidse,  582. 
Eurystomus  orientalis  calonyx,  603. 
Eusynstyela,  296, 418-419, 480, 481, 485, 
486. 

tincta,  414. 

Faico  columbariuB  insignis,  603. 
Falconidffi,  579,  603. 
Flammeo  marianus,  22. 
Francolinus  chinenHis,  600. 

perlatus,  576. 

pintadeanus,  600. 

pintadeanus  phayrei,  576,  600. 

pintadeanus  pintadeanus,  600. 
Fregetta  grallaria,  522. 
Fringilla  montifringilla,  610. 

montifringilla  subcuneolata,  610. 
Fringillidffi,  596,  610. 

Gallicrex  cinerea,  600. 
Gallinago  gallinago  gallinago,  602. 
Gallus  gallus  feirugineus,  577. 
Garialis  gangeticus,  64. 

indicus,  58. 
Gamilax  leucolophus  leucolophus,  587. 

pcctoralis  pectoralis,  587. 

picticollis,  607. 
Gamilus  bispecularis  rufescens,  599. 


bispeculans  sinensis,  599,  612. 

leucotis,  599. 
Gavialis,  128,  265-267. 

gangeticus,  128, 189-140. 
Gavialosuchus  americana,  33-41. 

eggenburgense,  36,  37,  61. 
Gennaeus  nycthemerus  ripponi,  577. 
Geotriton  fuscus,  2. 
Ginglymostoma  ciiratum,  22. 
Glareola  maldivarum,  602. 
Glareolidffi,  602. 
Glaucidium  brodiei,  603. 

cuculoides  cuculoides,  579. 

cuculoides  whitelyi,  603. 
Gobius  soporator,  24. 
Gracupica  nigricollis,  598. 
Gygis  crawfordi,  531,  532. 
Gynandrocarpa  maxima,  412. 

HflBmulon  albiun,  23. 

flavolineatum,  23. 

parra,  23. 

plumieri,  23. 

sciuruB,  23. 
Halcyon  pileata,  604. 

sm3rrnensis  fusca,  579,  604. 
Halobsena,  546. 
Halocynthia,  290. 

mauritiana,  455. 

microspinosa,  441,  485. 

pallida,  455,  485. 

pallida  typica,  455. 

riiseana,  446,  485. 

riiseana  munita,  446,  451,  481. 

rubrilabia,  446,  481,  485. 
Halocynthiidte,  441. 
Halocypselus  evolans,  22. 
Halodroma  gamoti,  505. 

tenuirostris,  515. 

urinatrix,  533,  537. 
Harpe  rufa,  23. 
Harper,  Francis.    See  Murphy,  Robert 

Cushman. 
Hemichelidon  sibirica  sibirica,  605. 
Hemidactylium,  5. 
Hemipus  picatus  capitalis,  594. 
Hemiramphus  brasiliensis,  22. 
HemixoB  canipennis,  606. 
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Hemixus  flavala  flavala,  585. 
Heteractitis  brevipes,  601. 
Hippocampus  punctulatus,  22. 
Hirundinidse,  582,  605. 
Hirundo  daurica  nipalensis,  582. 

rustica  gutturalis,  582,  605. 
Holacanthus  tricolor,  24. 
Holocentrus  ascensionis,  22.    . 

coruscus,  22. 
Holozoa,  363. 

bermudensis,  295,  3W-366,  369,  478- 
481,  485. 

bunata,  294,  295,  366-369,  480,  485. 

coUectrix,  483,  485. 

mikropnoa,  369. 
Hoplopterus  ventralis,  578. 
Horomis  canturians,  593. 
Huene,  F.  von.     Reptilian  and  Stego- 
cephalian  Remains  from  the  Triassic 
of  Pennsylvania  in  the  Cope  Collec- 
tion, 561-574. 
Hyla  dominicensis,  8. 

pulchrilineata,  8,  19. 
Hjrpopicus  hyperythms  submenus,  581. 
Hypoplectrus  unicolor,  23. 
Hyporhamphus  unifasciatus,  22. 
Hypothymis  azurea  styani,  606. 
Hypsipetes  leucocephalus,  585,  606. 
Hypsirhjrnchus  ferox,  19. 
Hypurgon,  328. 

lanthia  cyanura,  609. 

nifilata  practica,  592. 
lanthocincla  canora,  607. 

cinereiceps  cinereiceps,  587. 

cinereiceps  styani,  587. 

ellioti,  587. 

ellioti  honoripeta,  587. 

erythrocephala  woodi,  586. 

lanceolata  bonvaloti,  586. 

lanceolata  lanceolata,  586. 
lole  maclellandi  holti,  606. 

maclellandi  similis,  585. 
Iridio  bivittatus,  23. 

garnoti,  23. 

radiatus,  23. 
Ixobrychus  cinnamomea,  602. 

sinensis  sinensis,  602. 


Ixulus  flavicollis  rouxi,  589. 

Jacare,  218,  265-267. 

latirostris,  128,  218,  219,  228-232. 

niger,  128,  218,  219-228,  232. 

sclerops,  128, 218, 219, 221, 238-243. 
Jj-nx  torqiiilla  japonica,  581,  605. 

Kyphosus  sectatrix,  24. 

Labrisomus  bucciferus,  24. 

nuchipinnis,  24. 
Lachnolaimus  maximus,  23. 
Lactophrys  bicaudalis,  24. 

tricomis,  24. 

trigonus,  24. 

triqueter,  24. 
Laniidse,  594,  609. 
Lanius  colluroides,  594. 

cristatus  lucionensis,  609. 

nigriceps  nigriceps,  594. 

schach  schach,  609. 

schach  tephronotus,  594. 

tigrinus,  609. 
Larids,  601. 
Larostema  inca,  508. 
Lams  argentatUB  vegse,  601. 
Leimadophis  parvifrons  niger,  20. 

parvifrons  protenus,  19. 
Leiocephalus  barahonensii,  15, 16. 

eremitus,  557,  559. 

melanochlorus,  15,  16. 

personatus,  14-16. 

schreibersii,  14,  16. 

semilineatus,  15,  16. 
Leptocephalus  conger,  22. 
Leptoclinides,  293. 
Leptoclinum,  288,  322,  836-337. 

annectens,  323,  484,  485. 

atropunctatum,  336,  485. 

cineraceum,  484,  485. 

conchyliatum,  484,  485. 

lacteum,  336,  485. 

macdonaldi,  287,  295,  886-337,  478- 
481,  485. 

speciosum,  323,  481,  485. 

spcciosum  asperum,  323. 

t^nue,  484,  485. 
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Limnoecelis,  101, 102. 

Lioptila  annectens  annectens,  589. 

annectens  saturatus,  589. 

desgodinsi,  589. 
LiBSOclinum,  322, 338. 

fragile,  295,  33^-340,  479,  481,  485. 

moUe,  485. 
Locustella  ochotensis,  609. 
Lophospiza  trivirgatus  rufitinctus,  579. 
Lumbricillus  minutuH,  269. 

profugus,  269. 
Lumbriculidffi,  273. 
Lumbriculus  variegatus,  269,  273. 
Lycodontis  funebris,  22. 

moringa,  22. 

Mabuya,  16. 
MachffiroproBopus,  570. 
Malacanthus  plumieri,  24. 
Megalaema  virens  virens,  605. 
Megalurua  citrinus,  593. 

palufitris  andrewsi,  592. 

palustris  palustris,  592. 
Megamys,  43. 

Melanonyx  segetum  serrirostris,  602. 
Mdichthys  piceus,  24. 
Melittophagus    leschenaulti    swinehoei, 

580. 
Melophus  melanirterus,  597,  611. 
Mergus  serrator,  (>()2. 
Meropidap,  580. 
Mesenchytrapus  unalaska?,  272. 

falciformus,  269-273. 
Mesia  argentauris  argcmtauris,  590. 
Michaelscnia  tincta,  414,  481,  485. 
Microcosmus,  459. 

anchylodeiriLS,  297,  466,  479,  485. 

biconvolutus,  485. 

claudirans,  483,  485. 

dist^ns,  459,  485. 

exasperatus,  287,  296,  411,  458,  469- 
462,  465,  479^83,  485. 

exa.spt»ratus  t>T)icu8,  459. 

gleba,  463,  466. 

goanus,  463,  466. 

helleri,  287,  296,  463-466,  479,  485. 

longitubis,  463,  466. 

manaarensis,  463,  466. 


miniatus,  459,  481,  485. 
pupa,  485. 
variegatus,  459,  485. 
MicropodidsB,  604. 

Microptemus  brachyurus  fokiensiSy  606. 
Micropus  pacificus  pacificuB,  604. 
Microspathodon  chrysurus,  23. 
Mixorms  tubricapilla  sulphurea,  588. 
Molgula,  291, 467»  483. 
arenata,  297. 
contorta,  297,  475,  486. 
eugyroides,  297,  475,  486. 
koreni,  486. 

lutulenta,  296,  474,  475,  486. 
manhattensis,  287,  296,  471-474,  478, 

480,  482,  486. 
multiformis,  486. 
occidentalis,  296,  467-471,  479,  480, 

486. 
papillosa,  486. 
pellucida,  475,  476,  486. 
pilularis,  475. 
robusta,  297. 
singularis,  297. 
sordida,  471,  486. 
tenax,  486. 
Molgulidffi,  277, 291,  296, 467. 
Molgulina  contorta,  486. 

eugyroides,  486. 
Molpastes  cafer  bumianicus,  585. 
Monacanthus  ciliatus,  24. 

hispidus,  24. 
Monticola  crj^throgaster,  591. 
solitarius  magna,  608. 
solitarius  pandoo,  591,  608. 
solitarius  philippensis,  608. 
Mook,  Charles  Craig.    Description  of  a 
Skull  of  the  Extinct  Madagascar 
Crocodile,  Crocodilu^  robushis  Vail- 
lant  and  Grandidier,  25-31;    Skull 
Characters  and  Affinities  of  the  Ex- 
tinct Florida  Gavial,  Gaviahsuchus 
americana  (Sellards),  33-41;  Brachy^ 
gnalhosuchvs  braziliensiSf  a  New  Fos- 
sil Crocodilian  from  Brazil,  43-49; 
Individual  and  Age  Variations  in 
the   Skulls   of   Recent   Crocodilia, 
51-66;    Notes  on  the   Postcranial 
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Skeleton  in  the  Crocodilia,  67-100; 
The  Dermo-supraoccipital  Bone  in 
the  Crocodilia,   101-103;   AUogna- 
ihoduchuSj  a  New  Genus  of  Eocene 
Crocodilian,  105-110;    Deecriptien 
of  a  Skull  of  a  Bridger  Crocodilian, 
111-116;  The  Skull  of  Crocodile  acer 
Cope,  117-121;  Skull  Characters  of 
Recent  Crocodilia  with  Notes  on  the 
Affinities  of  the  Recent  Genera,  123- 
268. 
Motacilla  alba  hodgsoni,  595. 
alba  leucopsis,  610. 
alba  ocularis,  595. 
cinerea  melanope,  595. 
MotaciUids,  595,  610. 
Mugil  curema,  22. 
Mimia  punctata  topela,  597,  611. 
Murphy,  Robert  Cushman,  and  Harper, 
Francis.      A  Review  of  the  Diving 
Petrels,  495-554. 
MuscicApidse,  582,  605. 
Muscicapula  melanoleuca  melanoleuca, 

582. 
Mycteroperca  bonaci,  22. 
falcata,  23. 
tigris,  23. 
venenosa,  22. 
Myiophoneus  caeruleus,  608. 
eugenei,  589. 
eugenei  eugenei,  588. 
tibetanus,  589. 
Myrichthys  oculatus,  22. 
Myripristis  jacobus,  22. 
Mystriosuchus  planirostris,  564. 


Nectariniidff,  595. 
Neomffnis  analis,  23. 

apodus,  23. 

aya,  23. 

bucanella,  23. 

griscus,  23. 

hastingi,  23. 

jocu,  23. 

mahogoni,  23. 

synagris,  23. 

vivanijs,  23. 
Nichols,    John   Treadwcll. 


A   List  of 


Turk  Islands  Fishes,  with  a  Descrip- 
tion of  a  New  flatfish,  21-24. 
Niltava  sundara  denotata,  582. 
Ninox  scutulata  scutulata,  603. 
Noble,  G.  H.     The  Anterior  Cranial 
Elements  of  (Edipus  and  Certain 
other  Salamanders,  1-6. 
Nothodon,  101,  102. 
Notodela  leucura,  592. 
Nucifraga  caryocatactes  macella,  599. 
macella,  599. 
yunnanensis,  599. 
Numenius  arquatis  lineatus,  601. 

phaeopus  variegatus,  601. 
Nycticorax  nycticorax  nycticorax,  602, 

Oceanites,'510,  522,  528. 

gracilis,  509. 

oceanicus,  527,  530-532. 
Oceanodroma  castro,  526. 

leucorhoa,  526,  531,  532. 
Ocyurus  chrysurus,  23. 
(Edipina  uniformis,  2. 
(Edipus,  1-6. 

adspcrsus,  2. 

bellii,  2. 

leprosus,  2. 

striatulus,  2. 

variegatus,  2. 
OgcocephaluH  radiatus,  24. 
Opisthonenia  oglinum,  22. 
Oreicola  fcrrea  haringtoni,  592. 

jerdoni,  592. 
Oriolidas  598,  612. 
Oriolus  indiciis  indicus,  612. 

indicus  tenuirostris,  598. 
Osteoblepharon,  113,  200,  218,  265-267. 

osbomi,  128,  201-208. 
Osteolttmus,  113,  208,  265-267. 

tetraspis,  81,  128,  201,  20^-218. 
Otocompsa  emeria  emeria,  586. 

flaviventris  flavivontris,  586. 
Otufi  bakkama'na  glabripes,  603. 

Palspoctonus    appalachianus,     561-663, 
570,  571. 
aulacodus,  56S-565,  570,  571. 
PalajorhinuH,  570. 
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Palseosaurus  carolinensis,  570,  571. 

fraserianus,  6$7~571. 
Pandocia,  486. 
circuraarata,  428. 
obtecta,  420. 
spongiabilis,  425. 
Paranthias  furcifer,  23. 
Paridffi,  594,  610. 
Panis  major  commixtus,  594,  610. 
Passer  montanus  montanus,  596. 
montanus  taivanensis,  611. 
rutilans  assimilis,  597. 
rutilans  cinnamomea,  597. 
rutilans  rutilans,  597,  611. 
Pavo  muticus,  578. 
Pelagodyptes,  502,  608,  519,  539. 
Pdecanoides,  499,  502,  503,  506,  507, 
633. 
berardi,  498,  499,  523,  533,  537,  538. 
dacunhffi,  497-499,  541. 
exul,  497-500,  504,  505,  520,  526,  533, 

537,  538,  541,  644-547,  549-554. 
gamoti,  497-502,  504,  606-513,  526, 

536,  538,  539,  549-554. 
georgicus,  499-505,  508,  510,  619-533, 

539,  546,  549-554. 
magellani,  502,  504,  505,  507,  510,  511, 
613-519, 526, 539, 543,  549, 552-554. 
urinatrix,  498-500,  505,  510,  513,  515, 
519,  526,  532,  533,  537,  538,  541- 
554. 
urinatrix  belcheri,  497,  499,  533,  535. 
urinatrix  berard,  498,  499,  502,  504, 

508,  519,  633-541,  547-552. 
urinatrix  chathamensis,  499,  504,  637, 

538, 545,  549,  550,  553. 
urinatrix  coppingeri,   497,   499,   504, 

516,  539,  543,  544,  547,  549,  550. 
urinatrix  dacunh^e,  499,  504,  641-543, 

547-550. 
urinatrix  exsul,  499,  544. 
urinatrix  urinatrix,  504,  526,  530,  531, 
633-537,  549. 
Pelecanoididae,  495,  497,  499,  501,  502, 

504,  549,  550,  552. 
Pellomeum  ruficcps  minus,  588. 
Pericrocotus  brevirostris  ethologus,  584. 
brevirostris  favillaceus,  584. 


cantonenis,  606. 

griseigulfljis,  606. 

speciosus  speciosus,  583. 

xanthogaster,  584. 

yretta,  583. 
Perophora,  373,  378. 

viridis,  295,  373-375,  478,  480,  481, 
486. 
Perophoridse,  291,  292,  372,  373. 
Perosuchus  fuscus,  63,  265. 
Petrella  capensis,  522. 
Petrometopon  cruentatus,  22. 
Phallusia,  379. 

atra,  486. 

atrales,  486. 

canaliculata,  387,  389,  486. 

curvata,  295,  389-391,  479-482,  486. 

hygomiana,  295,  339,  883-386,  478- 
482,  486. 

interrupta,  383,  486. 

longitubis,  386,  387,  486. 

monstrans,  482,  486. 

nigra,  287,  295,  379-383,  395,  459, 
478-182,  486,  489. 

prostrata,  483, 486. 

styeloides,  486. 

sydneiensis,  287,  295,  386-389,  479, 
482,  483,  486. 
PhaUusiids,  291,  292,  295,  372,  373. 
Phallusiopsis  nigra,  380,  486. 
Phasianidae,  576,  600. 
Phasianus  colchicus  elegans,  577. 
Phoenicurus  auroreus  auroreus,  609. 

hodgsoni,  591. 
Phylloscopus  davisoni,  593. 

fuscatus,  593. 

humei  prsemium,  593. 

lugubris,  593. 

proregulus  forresti,  593. 

superciliosus  superciliosus,  593. 
Pica  pica  sericea,  599. 
Picidae,  581,  605. 
Picus  canus  ricketti,  605. 

can  us  sordidior,  581. 
Platophrys  lunatus,  24. 
Platotichthys,  21. 

chartes,  21,  24. 
Plethodon  cinereus,  3,  5. 
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glutinosus,  5. 

metcalfi,  5. 

yonahlossee,  5. 
Plethodontidae,  2,  4. 
Ploceidae,  597,  611. 
Pluvialis  dominicus  fulvus,  601. 
Pnoepyga  pusilla  pusilla,  590. 
Podoclavella,  353. 
Poliomyias  mugimaki,  605. 
Polyandrocarpa,  276,  291,  409,  485. 

floridana,   294,   296,   417-419,   430, 
480,  486. 

hartmeyeri,  417. 

imthumi,  417. 

latericia,  417,  419. 

maxima,  287,  296,  412,  413,  480,  486. 

sabanillaB,  294,  296,  409-412,  486. 

tincta,  296, 414-417, 419, 480, 481, 485, 
486. 
Polycarpa,  276,  284,  291,  420. 

appropinquata,  486,  488. 

arnoldi,  424. 

asiphonica,  486,  488. 

brevipedunculata,  424,  486,  488. 

cartilaginea,  487,  488. 

circumarata,  287,  296,  419,  428-430, 
480,487. 

fibrosa,  487. 

friabilis,  424,  487,  488. 

fuliginea,  487,  488. 

insulsa,  487,  488. 

nivoea,  487,  488. 

obtecta,  296,  420-424,  430,  479-481, 
487. 

ovata,  424. 

pilella,  487. 

rugoea,  487. 

Beminuda,  424,  487,  488. 

spongiabUis,  296, 424-428, 479, 487. 

tumida,  420,  487. 
Polycitor,  288,  848,  353,  485. 

capgulaius,  295,  862,  353,  481,  487. 

clams,  295, 860, 351, 481, 487. 

convexus,  846-348,  353,  480,  481,  487. 

giganteus,  358,  487. 

hepaticui,   294,  295,  848-350,  470, 
480,  487. 

ianthinus,  350. 


mayeri,  346,  348,  487. 

olivaceus,  295,  848-346,  478-481,  487. 

olivaceus  obscuratus,  295,  846,  346, 
479-481,  487. 
Polycitoridffi,  295,  342. 
Polyclinidae,  298. 
Polyclinum,  298. 

constellatum,  287,  295,  299-303,  478, 
479,  487. 

festum,  299,  302. 
Polysyncraton,  293,  295,  888,  480,  485. 

amethystcum,  333,  481,  487. 
Polyzoinse,  292. 
Pomacanthus  arcuatus,  23. 

paru,  24. 
Pomatorhinus  macclellandi  odicus,  587. 

ruficollis  stridulus,  607. 

swinhoei,  607. 
Porthmomis,  502,  608,  513,  539. 
Porzana  pusilla  pusilla,  600. 
Priacanthus  cruentatus,  23. 
Prinia  inomata  exter,  594. 
Prionopidffi,  594. 
Procellaria  berard,  498,  538,  540. 

tridactyla,  498. 

urinatrix,  497. 
Promicrops  itaiara,  22. 
FBammaplidium  fimginum,  487. 
Pgeudemys  palustris,  20. 
Pseudomonacanthus  emphioxjrs,  24. 
Pseudoscarus  guacamaia,  23. 

plumbeus,  23. 
Pseudotriton,  2. 
Pterodroma,  501. 
Pterythius  seralatus  ricketti,  590. 
Ptyonoprogne  rupestris,  582. 
Puffinuria,  502,  608,  505,  507,  539. 

gamoUi,  498,  500,  505. 

gamotii  gamotii,  499,  505. 

gamotii  lessoni,  497,  499,  505,  507. 

gamotii  magellani,  497,  499,  507,  514, 
515. 

urinatrix,  500,  533. 
Puffinus,  501. 
Puyra,  487. 

Pycnonotidae,  584,  606. 
Pycnonotus  sinensis,  606. 

xanthorrhous  andersoni,  585. 


624 


INDEX 


xanthorrhous  xanthorrhouSi  585. 
Pyrotrogon  eiythrocephaluB  erythroceph- 

aluB,  580. 

erythrocephalus   yamakanensis,    580, 
604. 
Pyrrhula  erythaca  altera,  597. 
Pyura,  290,  446,  482. 

amphora,  487. 

antillamm,  286,  294.  296,  461-454, 
487. 

cavernosa,  487. 

chazaliei,  483,  487. 

coacta,  487. 

discrepans,  483,  487. 

dura,  487. 

laevigata,  446,  487. 

legumen,  483,  487,  488. 

momus  pallida,  287,  296,  382,  454- 
459,  479,  484,  485, 488. 

paUida,  452,  455,  488. 

riiseana,  446,  488. 

rubrilabia,  446,  448,  451,  488. 

socialis,  484. 

squamulosa  dura,  484,  487,  488. 

torpida,  484,  488. 

variabilis,  488. 

vittata,  296,  445,  446-451,  479-481, 
484-488. 
Pyurae,  488. 
Pyuridae,  277,  296,  441. 

Rabdopclix  longiispinis,  572. 
RaUidffi,  578,  GOO. 
Rhabdocynthia,  452,  454,  457. 

mauritiana,  455. 

pallida,  455,  488. 

pallida  billitononsis,  455. 
Rhipidura  albicollis  albicollis,  582. 

albicoUis  kempi,  583. 

albicollis  stanleyi,  583. 

flabellifera  kempi,  583. 

flabellifera  placabilis,  .583. 

rufifrons  kempi,  583. 

rufifrons  stanleyi,  583. 
Rhodosoma,  392. 

papillosum,  392,  394. 

pelluoidum,   287,   296,   392-395,   479, 
480,  488. 


pyxis,  392,  488. 

seminudum,  392,  488. 
Rhodosomatidse,  296,  392. 
Rhodozona,  353. 

picta,  354,  481,  488. 
Rhomboplites  aurorubens,  23. 
Rhopakea,  276,  291,  870. 

abdominalis,  295,  370-372,  480,  483. 
Rhopalopsis,  276,  291,  370. 
Rhopodytes  tristis  tristis,  581. 
Rhyacotriton,  3-6. 

Rostratula  bengalensis  bengalenais,-  602. 
Rutiodon  carolinensis,  561,  570,  571. 
R3rpticu8  saponaceus,  23. 

Salpa,  279. 

Sardinella  sardina,  22. 

Sauresia,  16. 

Saxicola  torquata  przewalskii,  592. 

torquata  stejnegeri,  609. 
Scarus  csruleus,  23. 

croicensis,  23. 

vetula,  23. 
Schizascus  papillosus,  392. 

pellucidus,  392. 
Schmidt,  Karl  Patterson.    Notes  on  the* 
Ilerpetology  of  Santo  Domingo,  7- 
20;    The  Herpctology  of  Navassa 
Island,  5.55-559. 
Scolopax  rusticola  nisticola,  578. 
Scombcromonis  maculatus,  22. 

regal  is,  22. 
Scorpajna  i)lumieri,  24. 
Scrilophus  lunatus  lunata-^,  582. 
Seriola  lalandi,  22. 

zonata,  22. 
Seymouria,  101,  102. 
Shoeniparus  genestieri,  588: 
Siphostoma  jonesi,  22. 
Sitta  europea  nagaensis,  594. 

europea  montium,  594 

frontalis  corallina,  .594. 
Sittidffi,  594. 

Siva  cyanuroptera  wingatei,  589. 
Sparisoma  abildgaardi,  23. 

aurofrenatum,  23. 

chrysopterum,  23. 

flavescens,  23. 
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hoplomystax,  23. 

viride,  23. 
Spelsomis  souliei,  590. 
Spelerpes,  1. 
Sphffirodactylus  becki,  556,  559. 

cinereus,  556,  559. 

difficilis,  9. 
Spheniscus  humboldti,  552. 
Spheroides  spengleri,  24. 
SphyrsBna  barracuda,  22. 

picudilla,  22. 
Sphyma  tiburo,  22. 

zygscna,  22. 
Spilomis  cheela  ricketti,  579. 
Spinus  ambiguus,  596. 
Spizixos  canif  rons,  586. 

semitorques,  607. 
Stachyrhidopsis  ruficeps  davidi,  607. 
Staphidia  striata,  589. 

torquola,  608. 
Stereoclavella  oblonga,  354, 488. 
Sterna  albifrons  Binensis,  601. 
Stolephorus  brownii,  22. 
Stoparola  melanopB,  583. 

thalassina,  583. 

thalassina  thalassina,  583. 
Streptopelia  chinensis  chinensis,  600. 

chinensis  tig;rina,  578. 

orientalis  agricola,  578. 

orientAlis  orientalis,  578,  600. 
Stumia  cineracea,  611. 

nemoricola,  598. 

sinensis,  611. 

violacea,  612. 
Stumidse,  598,  611. 
Styela,  291,  480. 

appropinquata,  486,  488. 

asiphonica,  486,  488. 

atlantica,  296,  440,  441,  483,  488. 

brevipedunculata,  486,  488. 

canopoides,  431,  435,  488. 

cartilaginea,  487,  488. 

circumarata,  428. 

friabilis,  487,  488. 

fuliginea,  487,  488. 

gyrosa,  435. 

insulsa,  487,  488. 

nivosa,  487,  488. 


obtecta,  420. 

partita,  296,  431-435,  479,  480,  484, 

488. 
partita  bermudensis,  296,  436,  481. 
plicata,  287,  296,  436-440,  479-484, 

488,  489. 
seminuda,  487,  488. 
variabilis,  431. 
Styelids,  276,  291,  292,  296, 403. 
Styelins,  292. 
Stygela,  488. 

Suchoprion  aulacodus,  563. 
cyphodon,  666-568,  571. 
sulcidens,  564,  566. 
Sutoria  sutoria  phyllorrhaphea,  609. 
Sycozoa  sigillinoides,  483,  488. 
Sylviidae,  592,  609. 
Symplegma,  404. 
viride,  287,  296,  404-407,  481,  484, 
488. 
viride  brakenhielnii,  296,  407-409,  414, 

479,  480,  484,  488. 
Synodus  synodus,  22. 
^oicidse,  295,  298. 

Tarpon  atlanticus,  22. 
Tchitrea  paradisi  incii,  606. 

princeps  princeps,  606. 
Tethyidae,  403,  441. 
Tethyum,  290,  441. 

atlanticum,  440,  488. 

canopoides,  488. 

microspinotum,  206,  441-446,  485, 
488. 

papillosum,  444. 

partitum,  431,  488. 

partitum  bennudense,  435. 

plicatum,  435,  489. 

pyriforme,  442. 

spinosum,  444. 
Tetradidemnum,  293,  330. 
Teuthis  bahianus,  24. 

cseruleus,  24. 

helioides,  24. 

hepatus,  24. 
Tfaalassidroma  tethys,  509. 
Thalassoma  bifasciatuxn,  23. 

nitidum,  23. 


626 


INDEX 


Thallusia,  489. 

nigra,  380. 
Thecodontosaurus  gibbidens,  571. 
Thriponax  javensis  feddeni,  581. 
ThneliidfiB,  586,  607. 
Tolycitor,  489. 

Tomistoma,  30,  33-41,  81,  82,  115,  140, 
265-267. 

schlegelii,  51,  62,  64,  67,  77,  79,  128, 
140-151,  226. 
Trachinotus  glaucus,  22. 

falcatus,  22. 
Trachurops  crumenophthalmus,  22. 
Tragopan  temmincki,  577. 
Trididemnum,  288,  313. 

atrocanum,  314,  317,  489. 

lucidum,  317,  318,  489. 

natalense,  314,  317. 

orbiculatum,  295,  820-322,  481,  484, 
489. 

pontes,  317,  489. 

savignii,  287,  295,  314-^18,  321,  322, 
478,  480,  484,  489. 

savignii  pontes,  295,  317,  478,  480, 
484,  489. 

savignyi,  314,  489. 

solidum,  295,  318-320,  478,  479,  481, 
484,  489. 
Tringa  ochropus,  601. 
Troglodytidae,  590. 
Trogonidap,  580,  604. 
Tropidophis  bucculenta,  558,  559. 

maculata,  19,  558. 
Tunica  nigra,  380,  489. 
Turdidffi,  590,  608. 
Turdus  aureus  aureus,  608. 

auritus  auritus,  591. 

auritus  conquisitus,  591. 

cardis  lateus,  608. 

castaneus  gouldi,  590. 

chrysolaus,  608. 

dissimilis,  590. 

eunomus,  608. 

hortulorum,  608. 


menila  mandarinus,  590,  608. 

mollissimus,  591. 
Tumicidae,  578. 
Tumix  pugnax  rostrata,  578. 
TyloBunis  acus,  22. 

notatus,  22. 
Typblops  lumbricalis,  18. 

pusilluB,  18. 

sulcatus,  558,  559. 

Ukema  lefroyi,  23. 
Upeneus  maculatus,  22. 

martinicus,  22. 
Upupa  epops  saturata,  580. 
Upupidffi,  580. 
Urocissa    erythrorhyncha   erythrorhyn- 

cha,  599,  612. 
Uroloncha  squamicollis,  611. 
Uromacer  frenatus,  19. 

oxyrh3mchus,  19. 

Vanellus  vanellus,  601. 

Van  Name,  Willard  G.  Budding  in  Ck>m- 
pound  Ascidians  and  other  Inverte- 
brates, and  its  Bearing  on  the  Ques- 
tion of  the  Early  Ancestry  of  the 
Vertebrates,  275-282;  Ascidians  of 
the  West  Indian  Region  and  South- 
eastern United  States,  283-494. 

Volvocivora  melanoptora,  606. 

Welch,  Paul  S.  OligochaetA  Collected  in 
Greenland  by  the  Crocker  Land 
Expedition,  269-274. 

Xantholaema  haemacephala  indica,  581. 
Xystaima  havana,  23. 
cinereum,  23. 

Yuhina  diademata  ampdina,  589. 
occipitalis  obscurior,  589. 

ZostcropidsB,  595,  610. 

Zosterops  palpebrosa  simplex,  595,  610. 


